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AUTOMATIC CONTROL OF GAS MIXING AT EAST CHICAGO PLANT OF YOUNGSTOWN SHEET & TUBE CO. 
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ELECTRIC DRIVE STANDARD 


At no extra cost 












AUTOMATIC PEN RELEASE 


Prevents smeared records 
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CHART KNOB ELIMINATED 
No knob to screw, unscrew and lose 


3 of the 19 Features ~ | 


described in ? 


This remarkable new Recording Thermometer and Pressure Gauge is : € 
improved basically, beginning with the actuating mechanisms which this New D 
are more accurate and capable of withstanding as much as 100°/, over- Catalog! De 


loads—and it is built into a universal case that is interchangeable to 
flush, front-of-board or wall mounting at no extra cost. 


Electric chart drive also is standard at no additional charge—automatic 
pen release prevents smearing of records when door is opened—chart 
hub eliminates knob which must be screwed and unscrewed. 


Send for your copy of new catalog 6702 which describes all] of the 19 
outstanding features and gives complete details. 





THE BROWN INSTRUMENT COMPANY ) 
4482 WAYNE AVENUE PHILADELPHIA, PA. SEND FOR 


Branches in 22 principal cities 
YOUR COPY ~ 


‘The]0e” BROWN THERMOMETER 








To Measure is to Economize 
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A.T. C.’S TIMING CONTACTOR 


is another new control device em- 
ploying the Burgess Micro Switch. 
: To obtain the laboratory accuracy 
| yee S desired, to attain a sturdiness 
id % needed for industrial conditions, 
and to provide dependability free 


from vibration and leveling difficul- 





ties, the Automatic Temperature 


Control Co.,Inc., adopted this new 





development in the switching art. 


BURGESS 
MICRO SWITCH 





Whether your application is a thermostat, a relay, a 
timer or any of various industrial instruments or ma- 
chines, the Burgess Micro Switch offers interesting 


possibilities for refinement. Operating on a move- 





ment of only .001”, yet handling 10 amperes without 


difficulty, is only one of the unusual accomplishments gs cpecipicaTIONS ~~ m 


of this unique switch. DIMENSIONS: Length | 15/16”, 
Height 27/32”. Width 11/16". Dis 
tance between centers of mounting 

| ° lh e holes, 1”. Mounting holes, 1/8” di 

ell our engineers your problems; the Burgess Micro poe 
° ° ° OPERATION: Actuated by .00!1” mo 

Switch may be their solution. > ogee ances Sanaa 

ential, in any position. Vibration 


proof. Rapid, positive performance 
Operates at high speeds. 


C. F. BURGESS LABORATORIES, Inc. tine: Handles 10 amperes, 110 


volts a.c.; 5 amperes, 220 volts a.c 


FREEPORT TYPES: Red Top—Normally closed 
Green Top—Normally open. Blue 
ILLINOIS Top—Double throw. 
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WHERE 64 SENTINELS OF N.B.C. WEATHER STAND GUARD — Foca! point of this giant air conditioning 


system is a beautiful remote control room on the tenth floor of the R.¢ 


A. Building 


This pane! of 64 Taylor 


Recording Regulators provides individual control of temperatures for N.B.C. broadcasting studios and offices. 
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HIS FAMOUS SYSTEM OF 
TEMPERATURE CONTROL 


Designed and Installed at Radio City by Carrier and Taylor Engineers 





93 Taylor Re- 
cording Regulators, 250 Taylor In- 
dustrial Thermometers, 104 Taylor 
Even-Action Valves, 37 Type-P Air- 
Operated Thermostats, 6 miles of 
tubing in individual lengths up to 
375 feet. All coordinated by the en- 
gineers into a system of remote con- 
trol so highly sensitive and accurate 
that it maintains any air condition 
desired in each of National Broad- 
casting Studios and retail shops in 
Rockefeller Center’s new R.C.A. 
Building within 1° + %! 

“Almost human,” is the way A. 
Warren Canney, of Clyde R. Place, 
Consulting Engineers for this mam- 
moth air conditioning system, de- 
scribes it. It affords another example 
of how Taylor is serving industry to- 
day by working with other engineers 


to meet and solve difficult and exact- 


Provides N.B.C.’s Huge Weather-Making 
Plant with a Centralized Control That 
: Regulates and Records Air Conditions 

for Each Separate Studio Within 1° + *, 








erating capacity equal to 20,000 refrigerators, 


strument Companies provided the temperature 





HIGHLIGHTS OF THE N.B.C. AIR CONDITIONING PLANT 


...The most intricate air conditioning system ever built 
Three years in the making. Cost approximately $1,000,000 
Handles 23,000,000 cubic feet of scientifically conditioned air 
per hour. Provides complete air change every & minutes for 
N.B.C. studios and offices in Rockefeller Center's 
Building, the world's largest office building. Has a refrig 


The Carrier Engineering Corporation is contractor for 
the air conditioning plant. Working with them 
control sys 


tem. Clyde R. Place are the consulting engineers 


R.C.A 


laylor In 




















ing temperature control problems. 

In every industry this same 
Taylor service is finding ways to new 
production economy and efficiency. 
For Taylor Service goes far beyond 
the installation and replacement of 
instruments. It brings to bear an ex- 
perience of 80 years in meeting in- 
dustry’s temperature control needs. 

This Taylor Service is available to 
any plant—large or small. To get it, 
call in a Taylor Representative. Let 


him talk with your engineer—study 


In addition to the main control, 20 more Taylor 
Recording Regulators control and provide a con 
tinuous 24-hour record of the atmospheric condi- 
tions for all retail shops in the R.C.A. Building 
As this close-up shows, they maintain the tem 


peratures required within 1 





your requirements—make his recom- 
mendations. Address, Taylor Instru- 


ment Companies, Rochester, N. Y. 











Indicating Recording + Controlling 





TEMPERATURE and PRESSURE INSTRUMENTS 
The name Taylor now identifies our complete 
line of products, including Tycos instruments, 
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“COMPLETE TEMPERATURE CONTROL’ 
—by Foxboro 


@ Complete temperature control means accurate, depend 
able control of oil, gas, steam or electrical heat at any indus- 


trial temperature. 


@ |t means adequate control for simple problems and cor- 





, . . 

> > 2 - > C) ol yYO1e ) |) ( 5 Ca eC 
a rectly engineered control tor problems involving complicated 
PYROMETER 


Write for Bulletin 182 Process lags. 


@ There is no ''Cure-All" for temperature control problems. 
No one instrument—no matter how many gadgets and com- 
pensators it may contain—can give correct control on every 


problem. 





@ Solution of control problems requires a wide variety of in 


"ROTAX" ELECTRICAL struments and engineering experience—Foxboro has both. 
CONTROLLER 7 


Write for Bulletin 184 


@ Foxboro builds several types of control instruments—each 


suited for a particular purpose. 


@ Controllers can be furnished of either air or electrically 
operated types and with control action ranging from open 


and shut, throttling, and full-floating, to the stabilized control 





of the "Stabilog System.'' Our Engineers will be glad to 





rescenavihe CONTROLER analyze your problem and recommend the correct instrument 


OR "STABILOG" a 
Write for Bulletin 177 for the job—there is no obligation—write today. 


THE FOXBORO COMPANY 


FOXBORO cipal 


REG. U. S. PAT 


THE COMPASS OF INDUSTRY BRANCH OFFICES IN ALL PRINCIPAL CITIES 








- « « Complete Industrial Instrumentation « « « 
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EDITORIAL COMMENT 


In This Issue 


@ When is a “thin-plate orifice” not a 
thin-plate orifice? Professor Beitler tells 
you in the leading article, and gives limit 
ing values of dimensions that must be ob 
served in order that your coefficients 


won't misbehave. These values are in 





Bevel =45° 


SHouto,/ 


dicated on our sketch herewith. What's 
more, Professor Beitler contributes two 
families of discharge coefficient curves 
that you can use with greater ease than 
previously published curves, both for 
vena contracta taps (Fig. 5) and for 
corner taps (Fig. 6). 

In most measurements by the null 
method the standard is of the same kind 
as the unknown. Examples, the equal 
beam chemical balance and the “pure” 
Wheatstone bridge. The null method of a 
platform scale is not quite “direct” since 
the adjustable standard is not a weight 
but a length, but it is more convenient 
Likewise in electricity the indirect null 
method frequently proves convenient 
How resistors are used in a bridge circuit 
to measure an unknown inductance is 
told by T. Slonczewski in describing his 
development of the original Owen bridge 
into a practical instrument. 


@ Part Seven of the Manual of Instru 
mentation begins,in this issue. This book 
will cover Electrical Measurement and 
Control: from the industrial standpoint 
and is designed not only for E.E.’s, not 
only for technical graduates, but for all 
industrial users of electrical energy 

thanks to the long experience of Perry 
Borden, an authority on the design and 
applications of electrical instruments. 





The Front Cover 


@ Purchasing from nearby oil refineries 
large volumes of still gas which runs 
from 1200 to 1800 B.t.u./ft.2 and requir 
ing for its East Chicago plant a gas-and 
air mixture of constant heating value, 
the Youngstown Sheet & Tube Co. put 
the problem up to H. A. Brassert & Co., 
which solved it by installing an Askania 
control system operating from a Cutler 
Hammer continuous calorimeter. The mix 
ture varies between limits of 499 and 501 
B.t.u./ft.3—and another triumph is scored 
for Instrumentation. 


Leisure Dividends of Instrumentation 


ITTER controversies still rage over “technological un mployment 
The persistence of this term in the vo abulary of non-technical 

politicians, writers and broadcasters betrays muddled thinking 

if not ignorance of the industrial basis of a decent civilization. Un 
fortunately, the clear-headed majority among our leaders has not vet 
squelched the pestiferous minority whose continued hysterical agitat on 
against labor-saving devices im pe des both recove ry and reconstruction 
“Truth crushed to earth shall rise again.” So with Instrumentation 
You can halt some of it in all industries, vou can halt all of it in some 
industries, but vou can’t halt all of it in all industries. Jnstruments will 
kee pon fostering the march of automaticity as long as it endures. And 
to show we mean what we say, we shall use a portion of this very ed 
torial to help widen the scope of Instrumentation by deliberately pro 
moting its extension into the field of inspection operations 
To be sure, this has for vears been one of our objects, but on 1) 
cember 13 we had the thrill of see ing an instrument (rather. a machine 
comprising five distinct instruments) which is used by the Ford Motor 


Company to inspect and classify engine wrist-pins 


Ground case-hardened pins enter one end of the machine at the rate of 38 
i minute and are conveved along its length past. five tations spaced 7 
apart, halting at each station for a partictlar inspection like PHVShé ( 
day” in the Army.) Station 1 tests automatically for surface smoothie ly 
means of a Carboloy-tipped feeler swung in the field of " net in 
manner that when roughne ss causes deflection bevond pernil ible extent, 
amplified current trips a relay and. the pin is ejected. Station 2 tests for 
scleroscopic hardness: if the hammer rebounds te than the proper extent be 


tween a light source and a photocell, a relay is tripped ind the pin ejected 
Station 3 tests for evlindricality by means of U-shaped feeler which 

of 0.0003" causes to deflect. sufficiently to actuate 1 relay In a somewh 
similar manner Station 4 tests for concentricity by the three-point method 
Station 5 measures diameter and its pointer controls a chute leadir 
of five bins: oversize rejects, O.0001T", = O.00005", OOO’, and under 
size rejects. , 

We urge all industries now relying on manual and visual method 
for such inspections to install automatic instruments similar to any ot 
all of the five “stations” described above. there by decreasing the Win 
total of human toil and increasing the per capita leisure of the Amer 
can people. 

Whatever device diminishes the sum total of drudgery —of repetitiv 
labor tending to sharpen one faculty at the expense of all other 
a blessing. Don't use fe wer such device S., aS SOME politic IATIS idvor ite 
use more of them! 

Don’t let those politicians delude you into thinking tha prices of 
material aids to civilization must be raised: The only way to increas 
the per capita utilization of motor cars, electrified and air-conditione: 
homes, radios, prepared foods, good shoes, fine clothes and so on 
make them much cheaper in relation to the per capita income; the only 
way to popularize symphony concerts and other cultural outlets is to 
increase the per capita leisure of workers. 

Increasing the purchasing power of farmers and other favored 
groups, “soaking the rich,” and other palliatives, cannot change the 
laws of economics: if the labor content of any material aid to civiliza 
tion—say an electric wafe iron--is 1000 man-hours, it will remain a 
luxury; if through labor saving devices its cost represents half of one 
minimum-wage day, millions will be sold, even to minimum-wage 
earners. We re peat: don’t use fewer instruments designed to cut down 
the labor content of your products ; install more of them to expand 
your business and give work to more men. 

We are ali! for the Roosevelt Reconstruction idea of equitably 
spreading both purchasing power and leisure. but there must be more 
and more leisure to spread at the same time that more and more qood 
are produced and purchased, We Americans can increase leisure by 
living like savages who don’t travel, don’t bury “gadgets,” don't read, 
write or ‘phone and therefore have no industries; but to increase bo 
leisure and industrial activity we must adopt more and more leisure 
producing instruments and control devices.-M. F. Brenan 
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LETTERS TO THE EDITOR 


The reader and the editor of a technical magazine 
may be unknown to each other, yet they are closely 
connected. The reader seeks to learn and benefit by 
the advances in his field of industry. For that reason 
he follows his chosen technical magazine. The editor 
aims te benefit his reader, so you and the editor both 
strive toward a common interest. 

Much is gained by the editor in seeing things with 
the eyes of the reader. So co-operate in your common 
interest with him—WRITE TO THE EDITOR. Let him 
see in your letter the magazine as you see it. If there is 
something you do not like, or do not believe, or per- 
haps do not understand, write to the editor. Tell him 


may be of considerable help to other readers as well. 
To the editor your constructive criticism will be help- 
ful for future guidance, and will be received with 
friendly appreciation. 


Should you miss something in INSTRUMENTS that 
you feel ought to be there, the editor would like to 
hear from you about it. Perhaps other readers feel the 
same lack, then the editor will be pleased to have 
learned what is required of the magazine, and do his 
best to fill the requirement. If it is a matter in which 
you personally want a wider background, the editor 
feels at all times ready to call on all his facilities or 
connections and satisfy your inquiry to the fullest. 


your contribution on the matter to him. He will not 
only be thankful for your aid in widening his scope 
on the subject, but will gladly extend your contribu 
tion to his readers, giving due credit. 


When you like anything in INSTRUMENTS, or are 
pleased with the way something is treated in it, writ: 
to the editor. The knowledge that he is running the 
magazine in the direction which fills the need as out 
lined by the readers will assure him of being on the 
right course—an assurance he always appreciates. 

With this issue INSTRUMENTS begins its seventh 
year. This may excite in you ideas and opinions. Don’t 
hoard them. Ideas, like dollars, produce results only 


all about it. In clearing up the matter he may uncover 
something important which is obvious when close at 
hand, but at the reader’s distance is obscure. This 


Instrumentation is Part of 


Columbia's M.E. Course 


l'o the Editor: 

In going through my files of Instruments 1 recently discov 
ered an editorial of yours in the issue of April 1933, which 1 
had overlooked in my first reading. In it you suggest that the 
engineering schools should pay more attention to the training 
of engineers in the theory and use of instruments. Consequently 
I am sure that you will be interested to know what is now be 
ing done in this department at Columbia and what our plans 
are for the future 

For many years we have maintained an instrument labora 
tory, and a course in instruments is the first laboratory course 
given to our Mechanical Engineering students. On account of 
the short time alloted to this subject they can do little more 
than study instrument principles but they get a good grounding 
in that. 

We are shortly going to change our curriculum in order to 
meet the changes which have taken place in our profession 
during the past few years. This new curriculum will include 
a revised course in Instrument Laboratory, followed by a one 
term, three-hour-per-week lecture course on Instruments and 
Controls. These two courses will be required for Mechanical 
Engineering students and open to others properly qualified. 
This first Instruments and Controls course will be largely quali 
tative. A more advanced course will also be offered which will 
deal with quantitative analysis of existing apparatus. It may 
be elected by regular students or students studying for ad 
vanced degrees. 

If interest warrants a third course will be given on this sub 
ject for graduate students, which will consist mainly of prob 
lems of design of instruments and controls to meet specified 
conditions 

I have had charge of the instrument laboratory since it was 
first installed and shall give the Instrument and Control 
courses. I note in your editorial the offer of the codperation of 
Instruments and I shall be very glad to avail myself of such 
coéperation. I shall highly value your ideas on this subject. 


Columbia University Harry LL, Parr, 
January 4, 1934 Prof. of Mech. Ena 


. 
Re-defining "Area Meters" 
To the Editor: 

I have read carefully the 12-page treatment of area meters 
in the December Instruments and consider it very good . 
There are only two criticisms, if you want them. First, it seems 
pretty ambitious to attempt a rigid definition of an area meter. 
My idea is that an area meter is a head meter which employs 
in place of a fixed orifice and a widely varying head, a variable 
orifice and a more or less constant head. I would admit the 
meter prover (Fig. 27 A.S.M.E.) and the vane meter, Fig. 33. 
If you take Fig. 33, turn it on its side so that gravity does not 
act, and put a spring on the vane instead to get away from 
the pendulum effect, you lose the resemblance to the hydrom 
etric pendulum and you have a diagrammatic drawing of the 
Hodgson Kent small size air meter, undoubtedly an area meter. 
Fig. 33 is a variable area meter with a drop in pressure due 
to flow through a restricted area, the head being the difference 
between the impact pressure on the upstream side and the 
static pressure on the downstream side of the gate. Most area 
meters use the kinetic or impact pressure upstream, so does the 
Pitot tube and the impact nozzle. The Venturi tube in practice 
always uses the static pressures, however the Venturi could 
use impact pressure for upstream tap and would then correct 
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If you know anything new or more advanced about 


material in the magazine, write to the editor. Make 


when in circulation. 


for velocity of approach exactly as does Fig. 26, A.S.M.E. gat 
type area meter. 

My second comment is on the velocity of approach factor 
The usual formula corrects exactly for this if the flow is uni 
form (or exactly similar) in the section A, and section A, 
and if there is no contraction. It is practically correct for 
Venturi and for shaped flow nozzles. It is not correct theor 
tically for orifices where the actual area of the disk opening 
is used for Ag. However, in practice it is not possible to caliper 
the vena contracta and I presume the best thing to do is to 
follow the usual procedure and mop up whatever error ther 
is in the formula by absorbing it in the coefficient. I consider 
this approximation the source of most variations in experi 
mental coefficients of sharp-edge orifices, that is, in the turbu 
lent flow range which includes practically all actual metering 
of water and lighter fluids. It seems to me that the use of im 
pact head for the upstream pressure takes account of thi 
velocity of approach factor to exactly the same extent as the 
use of the formula. Corrections for density (or for its com 
ponents, pressure, temperature and specific gravity) are in 
dependent of the approach factor and are as necessary in the 
variable head meters as in the variable area meters. The same 
applies to the units used on the scale plate, whether gallons 
cubie feet, under actual flow conditions, cubic feet under stand 
ard conditions, weight units, etc. 

If I were to venture another definition of area meters, if 
might be: “Area meters are those in which a variable area of 
the flow stream in a closed conduit is the principal factor i 
determining the rate of flow. The head causing flow through 
this variable area is usually approximately constant but in 
some forms of area meters the head varies over a considerable 
range. The head may be the difference between two static pres 
sures or between an impact pressure and a static pressure.” 

This lets in the meter prover and the vane meter. Of course 
it is a matter of choice what definition is selected but my idea 
would be to make a definition broad enough to let in all actual 
closed conduit meters using variable area of orifice, even 
though, as in the case of the vane meter, the variation in head 
might be almost as much of a factor as the variation in 


Sree. is. 
New Jersey Meter Co. C. A. Daw Ley 
Plainfield, N. J. 

December 21, 1935 


° ' 
Spitzglass' Loss Felt Overseas 
To the Editor: 

It was with the deepest regret that I learned from you 
columns of the death of my friend, J. M. Spitzglass. He stayed 
once at my house here and we corresponded subsequently. | 
enjoyed his sincerity, kindliness and humor. 
Eddington House 
nr. Leighton Buzzard, England 
December 20, 1933 


Profitable Leisure 
T'o the Editor: 


, I find that your magazine fills a need in the field of 
technical publications in that it is an impartial exponent in the 
important fields of mensuration and control. [t is the type of 
magazine one likes to sit down to and browse through—there 
by making leisure moments both entertaining and profitable. 

I have received Instruments practically since its inceptior 
and note that it is constantly improving—particularly during 
the last year or so. 

Best wishes for your continued success. 
Hastings-on-Hudson, N. Y. 

December 20, 1938 


Joun L. Hopason 


Cuaries F. Scum 
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Determination of Discharge Coefficients 
of Sharp-edge Orifices in Pipes of from 


One Inch to Fourteen Inches in Diameter’ 
By S. R. BEITLER' 


Hk purpose of this article is to report results of tests to 

determine coefficients of discharge of sharp-edged orifices 

in pipes of various sizes, done under the auspices of The 
Ohio State University Engineering Experiment Station. The 
actual taking of data was in charge of Mr. 'T. C. Barnes for 
the larger-sized lines, and Mr. Cecil Van Gundy for the smaller 
lines. They were assisted by Mr. C. F. Bayer. The writer feels 
that much of the accuracy of the work is due to their extreme 
care in making the observations. The writer wishes to express 
his appreciation for the assistance and advice received from 
Mr. Howard Bean of the Bureau of Standards and Mr. R. EF 
Sprenkle of the Bailey Meter Co.; also to Dr. Edgar Bucking 
ham of the Bureau of Standards who has 
made many valuable suggestions, and to 
Mr. J. E. Overbeck of the Columbia En 
gineering Corp., who has helped with the 
gathering of the data and also with their 
analysis. 


FOREWORD 
By i FH. KERR** Orifice Plates. The orifice pl ites were 


C)rne ‘ thick orifice t } ) 

in diameter 

One set of orifice plates for the 14” lit t} i 
ters of from 3” to 12”, giving diameter rati f fi 
to O.85 

One 0.80” thick orifice plate for the 14 ! vith 


orifice diameter 
Several of these plates were calibrated with different orifice 
edge thickness and bevelings, to determine the effect of edge 


thickness on coeflicient. All orifices were calibrated using water 
as the calibrating medium, tests being made with differential 
heads varying from about 4” of water to about 50 ft. of water 
In all, there were 1008 test runs on 65 different orifice plate 
in six different sizes of line 


DESCRIPTION OF APPARATUS 


constructed of Monel metal or stainless 


Scope of Work. The work originally As Chairman of the Joint Pa Gs: steel, of sufficient . thickness to prevent 
planned was to consist of the calibration A.-A. S. M. E. Committee on Gas appreciable deflection even under a high 
of concentric orifices of relatively large np hie pressure drop: 14” for lines 10” and 
diameter ratio in pipes of 3”, 6”, 10”, Measurements, I am personally under, and 14” for the 14” line. The 


and 14” I.D. Coefficients were to be de 
termined for all types of pressure taps 
most used in commercial metering, name 
ly, Flange Taps, Throat Taps, Vena Con 
tracta Taps, Pipe Taps, and Corner 
Taps. When completed, data had been 
taken for the sizes mentioned above and 
for 1”, i144”, and 2” pipes with a much 
wider range of diameter ratios. The ori 
fices tested were as follo’s: 


One set of orifice plat with orifice 


diametere varying from %” to 15%” terested inthe use of orifice meters. 


for use in 1” and 1%” nd 
These gave diameter r.sios of ap- 
proximately from 0.24 to 0.77 in the 
1” line, of from 0.15 to 9.76 in the 
1%” line, and of from 0..° to 0.80 in the 2” line 

One set of three orifice plates for the 2” lines with diam 
eter ratios of from 0.12 to 0.25 for check orifices 

One set of orifice plates for the 3” and 6” lines with orifice 
diameters of from 0.25” to 4.8” giving diameter ratios of 
from 0.08 to 0.78 in the 3” line, and of from 0.04 to 0.79 in 
the 6” line. 

One set of orifice plates for the 10” line with orifice diame- 
ters of from 2” to 8.2”, having diameter ratios of from 0.19 
to 0.81. 


“Substance of paper bearing same title and by same author, con 
tributed to the Special Research Committee on Fluid Meters of the 
American Society of Mechanical Engineers, for presentation at its 
session during the annual meeting of th® society, Dec. 4-8, 1933 

fAssistant Professor of Mechanical Engineering, The Ohio State Uni 
versty. 

**Vice-Pres., Ohio Fuel Gas Co., Columbus, O. 
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Fig. 1. Effect of diameter-edge thickness ratio on orifice coefficients. 


familiar with the fact that the in- 
formation contained in this article 


careful consideration of anyone in- 


plates were made with “ears” or tabs for 
identification marks and the method. of 
manufacture was approximately the same 


was developed by Professor Beitler for all sizes of orifices. The orifice wa 
at Ohio State University, using the 
same facilities as used in conduct- 


first bored, care being taken to keep the 
edge square. The burr turned up by thi 
machining process was removed, either 


ing the tests for our Committee, by scraping or honing. After the orifice 
and I would recommend it to the 


was finished, the edge was examined 
under a 100 power microscope for visual 
imperfections. The plates were not given 
any special treatment but were machined 
as are all commercial plates in the shop 
of the three manufacturers who con 
tributed them: The Ohio Fuel Gas Co., 
The Bailey Meter Co. and The Metric Metal Works of the 
American Meter Co. 90% of the plates were without unusual 
evidence of any roughness or rounding of edge. About 10% 
showed some rounding, not enough to cause a very large dif 
ference in coeflicient, but enough to be noticeable in the result 

All the orifices in the 2” lines and smaller, as finally tested, had 
the downstream edges of the orifices beveled at a 45° angle to 
a thickness of less than 14 of the orifice diameter. As a part of 
the work a study was made of the effect of this bevel on thi 
coefficient. 


Orifice Section. The orifice plates were clamped between sp 
cial sections of pipe with arrangements for taking the pressure 
at 214, pipe diameters, | pipe diameter, 1 inch, and at the plane 
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Fig. 2. Effect of dam height-edge thickness ratio on orifice coefficients. 
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of the orifice upstream; and (downstream) at the 
plane of the orifice, at 0.4, 0.5, 0.6, 0.7, 0.8 and 8.0 
pipe diameters, and 1” downstream from the ori 
fice plate. Orifice plate hoider flanges assured that 
rifices and upstream and downstream pipe sec 
tions were perfectly concentric in every set up. 
“Corner taps,” at the faces of the orifice flanges, 
vere made according to the dimensions given by 
RK. Witte, in his 1930 paper (V.d.1. Reglen fur die 
Durchdussmessungen mit genormten Dusen und 
Blenden) which has been adopted as standard in 
Germany, using an annular chamber communicat 
ing with the pipe by a slit not over 0.038 pipe di 
uneters wide. Other pressure connections were 
made by drilling 1,” diameter holes through the 
pipe and flanges. Care was taken to make these 
holes smooth and straight, and their edges inside 
of the pipe were slightly rounded 

Upstream connections were made in a straight 
line parallel to the axis of the pipe. Downstream 
connections on pipes 3” and under were spaced in 
i spiral around the pipe so that there would be 
sufficient metal between holes; on larger lines the 
downstream taps were in a_ straight line. This 
ullowed taking all pressures along the pipe simul 
taneously 

Gaskets of compressed asbestos were used to 
keep the correct distance between orifice plate 
ind pipe ends. 

Orifice Test Line. Test lines in general were set 


up with as much straight pipe upstream from the 
orifice as possible. The distances upstream were 


COLFYYC/ENT OF DISCHAREL 


as follows: 


Line Vipe Diameters Upstream 
iad 270 
11,” 170 
140 
; 92 and 124 
6” () and &4 


lo i) 


For the 3” and 6” orifices the lines with the 
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shorter upstream pipes were used only for small 
ratio orifices. All of the straight sections were pre 
ceded by straightening vanes to eliminate swirls. 

Vents, drains, and thermometer wells were in 
stalled as needed so as not to interfere with flow 


/o# 


to the orifices 
Water for calibration purposes was supplied by 
pumps and at various times various combinations 
of pumps were used. The pumps available were as follows: 


1 2” Screw pump Capacity 50 G.P.M 
l Centrifugal pump Capacity 280 G.P.M 
1 ” Centrifugal pump Capacity 500 G.P.M 
1 6” Centrifugal pump Capacity 2,000 G.P.M 

6” Duplex pump Capacity 1,500 G.P.LM 
1—20” Centrifugal pump Capacity 10,000 G.P.M 


Sufficient line and enough valves were placed between the 
pumps and the orifices to damp out any pulsation effect. 


Quantity Measurements. Quantity of water flowing was meas 
ured either by weight or by volume. 

For the weight runs, scales with a capacity of 1500 lbs. and 
having a least count of \ Ib. on the beam were used. Tanks 
with a capacity of about 1200 Ibs. and fitted with 21,” quick 
opening valves were mounted on the scales. Two sets of tanks 
ind scales were used and a deflector pipe was used to shift 
the flow from one tank to another. 

The bays used for the volumetric runs were concrete tanks 
with approximate capacities as follows: Bay No. 11, 1000 cu. 
ft.. Bays No. 11, No. 12, and No. 1, 3000 cu. ft., and Bay No 
2, 1500 cu. ft. The bays are connected by 2” pipes to 3,” gage 
glasses in a central measuring pit in the center of the labora 
tory so that the water level in each bay can be read on a scale 
placed behind the gage glass. Thermometers were placed in 
these gage glasses at about four-foot intervals to get the tem 
perature of the water in the glass. The volume of water present 
in the bay for any gage reading was determined by calibra 
tion and was read from a calibration chart. 

Manometers. Three different types of manometers were used 
for measuring the differential heads: (A) For extremely small 
heads (< 12” of water) a differential hook gage reading to 
0.001" was used. (B) For heads from 1 ft. to 10 ft. of water, 
a multiple inverted water manometer was used. This was a 
special manometer with large section manometer tubes and de 
signed to operate with a maximum static pressure of 25 Ibs 
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Fig. 3. Variation of coefficient of discharge with Reynolds number for different diameter ratios 


(Sharp-edge orifices, vena contracta taps). 


in.2. (C) The differentials of 10 ft. were measured by means 
of ordinary mercury manometers mounted under the pipe so 


as to be self-venting. 


METHOD OF TAKING DATA 


or weight runs the method of taking data was as follows: 
With the orifice bolted in place between the flanges, the pumps 
were started and flow was established through the line. Th 
static pressure was brought up to 10 Ibs./in.? and all air vented 
out of the test line. The flow was then adjusted to give the 
desired pressure drop across the orifice. The water was allowed 
to flow into and through one of the weighing tanks back into 
the suction bay. While the flow was being adjusted, the valv« 
in the second weigh tank was closed and the tare weight of thi 
tank found. After all of the conditions were satisfactory and 
at a definite time, the deflector pipe was snapped over to dis 
charge into the other tank and the two tanks were alternate], 
filled, weighed, emptied and weighed in the usual manner for 
some definite time, usually fifteen minutes. Readings of the 
heads and temperatures were taken at desired intervals 
throughout the run. The heads were read simultaneously by 
two observers while a third operated the weighing tanks. 

In making displacement tests, the water was allowed to run 
into the suction bay while the flow was being adjusted. Th« 
water level in the measuring bay was then read and at a defi 
nite time the deflector pipe was snapped over to discharge into 
the measuring bay. Readings of head and temperatures wer¢ 
made as in the weight runs, until the test was ended by de 
flecting the water back into the suction bay at the time decided 
upon by ending the run. After a sufficient length of time had 
elapsed for surging to cease in the measuring bay, the fina 
reading was taken. All readings of bay elevation were checked 
by two observers. 

Differential heads were held constant during the runs by 
controlling the pump discharge valves. During the weight run 
there generally was no change in head. During the displacement 
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COEFFICIENT OF DISCHAREE 
































ed = 500 000 
2d =/000 000 
Rad'=2 500 000 


If any points were out of line 
these test runs were checked 
Then the average of the coeffi 
cients for the five or six runs 
were plotted against diamets 
ratio for each pipe size to ce 
termine if there was any orifice 
whose coefficient did not line up 
with the rest of the orifices in 
that size line. If an orifice was 
found which did not line up 
with the rest, it was carefully 
inspected, retested and a check 
orifice plate Was made md 
tested 

After all of the data’ were 
taken, the Reynolds number 
R, were calculated for all runs, 
using the orifice diameter and 
\ the velocity at the plane of 
N\ the orifice.+ Coefficient-Reyvnolds 
number curves were then plotted 








SIA RA =5 000 000 for diameter ratios of 12.2, 15, 
Ro! */0 000 000 20, 25, 30, 35, 40, 50, 60, 70, 75, 

a6 I =50000 000 | | >see wie t (Fig. 3) If venga 
! | fice tested was not of the exact 

oe li | | | | ratio to be plotted, the values 
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Fig. 4. Variation of coefficient of discharge with diameter ratio for different 


(Sharp-edge orifices, vena contracta taps). 


runs there was a tendency for flow to drop as water was 
pumped from the suction bays, giving an increased suction lift 
on the pumps. This was compensated for by gradually opening 
up the pump discharge valves. 

The length of the run was controlled by one of several fac 
tors. For the weight runs at least 2000 Ibs. of water was col 
lected or the run was made 15 minutes long. For bay runs in 
order to secure sufficient accuracy the minimum level increase 
in the water level was limited to 4 ft. If the water level in 
creased more than 4 ft. in 30 minutes, the test was limited to 
this length of time. Otherwise the test ended when the measur 
ing bay was completely filled. Observations were taken so that 
th maximum time between readings was 2 minutes and the 
minimum number of head readings was 16, except for very 
short runs. For some of the 14” tests where the time was ex 
tremely short (2 minutes or less) the num 
ber of head readings was less, due to lack 
of time. For determining the time of the 
longer runs an ordinary watch with second 


60 65 70 75 GO of Reynolds number and coef 
ficient were corrected to that 
Diels eunibens ratio by caleulating the change 
in the Reynolds number due to 
change in ratio, and by reading 
the amount of change in coet 
ficient from the coefficient-diameter ratio curves mentioned in 
the preceding paragraph 
Curves of coefficient against diameter ratio for different 
Reynolds numbers were then plotted (Fig. 4) and the coeffi 
cient-Reynolds number curves were changed so that the co 
efficient-diameter ratio curves for any value of Reynolds 
number would be smooth 
The final diameter ratio-coefiicient curves (Fig. 5) were ther 
drawn. To get the points for these curves the values of Rey 
nolds number for air at 30” of mereury absolute pressure, 
60° F. and 50” of water differential and for air at 600 Ibs./in 
absolute pressure, 60° F. and 100” of water differential, were 





hand was used, while the shorter runs were F 7 
timed with three stop watches operated by 

2 wo © « > wo re . i > . a > 
three separate observers. The corrected ac|_ _| 


readings of these watches were averaged. 


DISCUSSION OF RESULTS 


Method of Analysis. At the time of the 
preparation of this article the results for 
the vena contracta taps and corner taps are 
the only ones thoroughly analyzed by the 
writer, and so this discussion will be lim 
ited to those taps. The amount of data 
accumulated being too large to permit its 
publication in this article, only the final 
curves of the analysis of results will be 
presented.* 


g 


g 8 


8 


The method of analysis for both types of 
taps was as follows: First the coefficient of 
discharge without velocity of approach was 
calculated for each test run made. (On each 
orifice there were normally runs at approxi 
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+The origin and use of this ratio for the studying of orifice flow 
discussed thoroughly in the Report of the A.S.M.I lid Meter R 
search Committee, Part 1 Appendix ¢ 
ttf JOp52.-4 } 
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mately 0.4, 0.8, 2, 4, 6 and 9 ft. differential PY 
heads for the vena contracta taps and at all - 
except the 0.4 ft. for the corner taps.) 506 
lhese coefficients were then plotted against 
differential head to determine if there was S86 
any apparent variation in experimental data. 
; ; S94 
It is the intention of the Engineering Experi 
ment Station of The Ohio State University to 
publish a bulletin in the near future, giving the P25 we EE 20 2 Kg we we 40 35 60 64 70 7. 72 
- C Jd I5 5O 65 / WS Ic 


data and results for these tests in their entirety, 
so that the results can be analyzed by any one 
interested. This bulletin will give the results on 
all types of taps and some other studies which 
were made in relation to this work. 


OVE TER RATIO-PERCENT 


Fig. 5. Coefficient of discharge-diameter ratio curves for air at 60°F., 30” mercury abs. pressure 
and 50” water differential corrected for compressibility (Vena contracta taps) 
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the line sizes 
various ratios 
values, a 


calculated for 
tested, and for 
In calculating these 
coefficient of 0.6 was 
The values of the coefficients at 
these Reynolds numbers taken 
from the _ coefficient-Reynolds 
number curve for that ratio 
were then plotted. 


Effect of Ndge Thickness. A 
preliminary inspection showed 
that some of the thick 
gave coefficient values much 
higher than those with a thin 
edge and so a study was made 
of the effect of edge thickness 

The curves in Figs. 1 and 2 602 
were plotted to show the effect 
of the relation of edge thick 
ness to orifice diameter and to 


assumed 


G06 
orifices 


604 


the height of the orifice (dam 600 
height) inside the pipe, Le., 
(D-d)/2. The first curve was 
plotted for orifices of 50% di SIS 
ameter ratio or less where the 


same plate was tested with sey 
eral edge thicknesses. The aver 
age values of the coefficients 
for similar runs were to 
determine the points. ‘This 
shows that if the orifice diame 
ter is equal to or greater than 
times the edge thickness 
coefficient is constant, but 
is less than eight times, 
coefficient increases very 
for a decrease in this 


used 


T OF OLSCHARE 


eight 
the 
if it 
the 
rapidly 
ratio. 

Fig. 2 the effect of 
edge thickness on large ratio 
orifices, where the diameter is 
greater than eight times the 
edge thickness. This is plotted 
against (D-d)/2 or dam height 
of the orifice and shows that 
this must be taken into account | 
in determining the coefficient of _ 4+——_—-+ 
an orifice. It appears from this | 
curve that dam height should 
always be greater than four 
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times the thickness of the edge 
of the plate. 
It appears to be evident 
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from this study of edge thick- 
ness that the orifice diameter 
must be at least eight times 
the edge thickness and that the 
dam height must be four times 
the thickness of the edge; also 
that the downstream edge of the orifice should be beveled at 
an angle of 45 deg. to give coefficients which are not subjected 
to effect of downstream orifice edge. The bevel did not seem 
to have such a great effect on the larger sized orifices, but the 
edge effect was very apparent. 


In general, it appears to the writer that it would be well to 
standardize on the thickness of plate and thickness of edge to 
be used in all cases, considering the necessary physical strength 
required and the other limitations. Since a plate of 1%” thick 
ness seems to have sufficient strength to resist buckling for all 
except the largest lines and is probably the most used commer 
cial thickness, this would appear to be the best thickness to 
use. If the edge were beveled to 34” all orifices above 1,” 
would fulfill the requirement as to ratio of orifice diameter to 
edge and all orifices of 80% ratio and under in lines 114.” or 
more in diameter, would fulfill the requirements for the dam 
height ratio. Therefore, a 144" plate beveled to 3,” would fulfill 
all the requirements as to a standard orifice plate except for 
largest lines. Thinner plates would probably do for the lines 
3” and under, but a thin plate is much more difficult to ma 
chine without distortion and therefore is not as satisfactory as 
a plate at least 14” thick. 


Vena Contracta Taps. The following analysis applies only to 
orifices which have sharp edges and which have edge thickness 
diameter ratio and edge thickness-dam height ratios equal to 
or greater than the limiting values given in the above para 
graphs. 
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Fig. 3 shows the variation of coefficient with Reynolds num 
ber for all of the orifices tested using vena contracta taps 
These taps were studied first because they appeared to give 
the most logical results and because there were more data 
available for them than for the other taps. In making this 
study the results of tests on orifices in 3” lines made for the 
Bailey Meter Co. and reported upon in 1931 were included (See 
A.S.M.E. R.P. 54-1982). 

The variation of the points from the curves was in most 
cases less than 0.5%, except for the large ratio orifices. It was 
more difficult to reproduce results and orifices for the larger 
ratios than it was for the smaller ones. However, it appears 
from these curves that for any diameter ratio the coefficient 
varies with Reynolds number and is independent of pipe size 
In the series tested there was one 1” line, one 114,” line, one 
2” line, two 3” lines, two 6” lines, one 10” line, and one 14” 
line with quite dissimilar roughness, and yet this apparently 
had no regular effect on the coefficients. A close study of any 
of the curves shows that for some ratios the coefficients for 
smaller lines are higher than those for the larger lines, while 
for other ratios this is reversed and there seems to be no regu 
larity in the order in which they fall. This seems to prove that 
there is more error introduced from inaccurate test data and 
from orifice plate edges than there is from assuming that the 
law of similarity is exactly true. 

The curves as plotted differ from those previously published 
in one very important detail. That is, instead of becoming flat 
at a value of Reynolds number of about 100,000, these curves 

(Continued on Page 8) 
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Fig. 1. In the Owen bridge one of the ratio arms is a re- 
sistance and the ether a capacitance, while the standard consists 
of a variable capacitance and a variable resistance. 
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Fig. 2. The new bridge Incorporates its standard and ratio arms in a single compact unit 


A Bridge for Measuring Inductance 


By T. SSONCZEWSKI* 


T has been found upon investigation in Bell Telephone Lab- 
oratories that by employing a bridge network due to Owen, 
which contains no inductance standard, indirect measure 

ments of inductance can be made that are particularly well 
adapted to commercial uses. The Owen bridge, shown schemati 
cally in Fig. 1, has a resistance in one arm and a capacitance 
in the other. The unknown is connected in the branch opposite 
the capacitance ratio arm, while a variable resistance and a 
variable capacitance are employed as standards in the arm 


‘opposite the resistance ratio arm. The advantage of this type 


of circuit is that to balance the inductance of the unknown, 
the operator need only adjust the resistance standard, and to 
»alance the resistance component of the unknown, only the 
capacitance standard is adjusted. This is possible because when 
the bridge is in balance, the unknown inductance is equal to 
the product of the capacitance and resistance of the ratio arms 
and the resistance of standard, while the unknown resistance 
is equal to the product of the capacitance and resistance of 
the ratio arms divided by the capacitance of the standard. 

Since the values of the resistance and capacitance of the 
ratio arms are fixed, the only variable in the measurement of 
an inductance is the standard resistance. Instead of engraving 
the value of this resistance in ohms on the dials, therefore, the 
product of this resistance by that of the two ratio arms is 
engraved so that the inductance of the unknown may be read 
directly from the dials in henrys. In a similar manner the dials 
of the standard capacitances are engraved to give the resist 
ance of the unknown directly. 

The advantage of the Owen type bridge is that a resistance 
takes the place of an inductance as the variable standard. A 
resistance is less bulky than an inductance standard, and small 
size, in general, means small stray capacitances. The effective 
resistance of a resistance coil, moreover, is much less affected 
by stray capacitances than is the inductance of an inductance 
coil, and as a result it has been found possible to construct a 
six dial standard with its resistance practically independent of 
frequency. 

In the purity of the standard the Owen bridge has the ad 
vantage that the reactance of resistance coils can be made 
either positive or negative by proper design so that by suitable 
adjustment the error in effective resistance of the standard is 
reduced to a negligible value. Moreover, resistance coils may 
be adjusted to nearly their nominal values, are independent of 
current value, and are stable with time and temperature. As a 
result, costly calibrations are dispensed with entirely, and the 
bridge maintenance is inexpensive. 

These advantages of the Owen bridge have been known for 
a long time, of course, but because of the asymmetry of the 
bridge, it has heretofore been impossible to maintain the proper 
phase relation between the two ratio arms over a wide range 
of frequency. 


*Telephone Apparatus Division, Bell Telephone Laboratories, Inc 
tProceedings Physical Society, London, Oct. 1, 1914. 


One ratio arm is @ resistor and the other a condenser, and 
for a proper balance the impedance vectors of the two arms 
should be at right angles to each other. The phase angle of a 
condenser suitable for use in the bridge arm remains pra 
tically constant with frequency. The phase angle of the resist 
ance, however, increases with frequency due to the effect of the 
distributed capacitance, and as a result the difference in phase 
between the two arms does not remain 90° for all frequencies 
To make it do so would require that a compensating coil with 
a positive reactance which would remain constant with fre 
quency be connected in the resistance arm 

It is only the result of two developments in Bell Telephone 
Laboratories—a coil with a reactance that does remain constant 
with frequency, and a proper shielding scheme—that has made 
the Owen bridge of practical importance for this work. Ags 
shown in Fig. 2 the new bridge, exclusive of oscillator and de 
tector, has only two rows of dials, and an indicating ammeter 
for measuring the current through the unknown. As already 
noted, one of the sets of dials measures the resistance com 
ponent of the unknown and the other the inductance component 

Although the new bridge has a larger inductance range than 
the one it replaces, it is much smaller and easier to manipulate 
and to maintain. It is well suited to work involving precision 
measurement of inductance and effective resistance. By the 
Western Electric Co. it is employed for measuring the in 
ductance of coils manufactured for use in audio frequency 
filters. 





The American Society for Testing Materials has moved its 
headquarters to the Atlantic Bldg., 260 So. Broad St. (cor 
Spruce), Philadelphia 


R. E. Murphy of R. EK. Murphy Co., Grant Bldg., Pittsburgh, 
has been appointed sales manager of I-T-E Circuit Breaker 
Co. and will make his headquarters at the company’s main 
office in Philadelphia. 


Herbert Thacker Herr, vice president of the Westinghouss 
Electric and Manufacturing Co., died recently at his home in 
Philadelphia, at the age of 57, after an illness of about five 
months. Widely known in engineering circles, Mr. Herr wa 
inventor of improvements in air brakes, turbines, oil and ga 
engines, and remote control for steam turbines. 


Arthur A. Brown, assistant to vice president, Westinghouse 
Electric & Manufacturing Co., died suddenly in his home at 
Mt. Vernon, New York, at the age of 60. Before joining that 
company in 1904 he had been connected with the H. B. Smith 
Co., Westfield, Mass., as apprentice; the Bethlehem Steel Co 
as machinist, then Assistant Superintendent for the H. B 
Smith Co., General Superintendent of the Richmond Co. of 
Norwich, Conn., and General Manager of the Rarig Engineer 
ing Co. of Columbus, Ohio 
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Discharge Coefficients of Sharp-edge 
Orifices 


(Continued from Page 6) 


are still showing considerable slope. This slope is large for 
small and large ratio orifices and not so great for the ratios 
between, reaching a minimum at about 50% d/D ratio 

Fig. 4 shows the variation of coefficient with diameter ratio 
for different values of Reynolds number. These curves are used 
in plotting coefficient-Reynolds number curves for any diame 
ter ratio, and so the coefficient of discharge for any ratio ori 
fice at any value of Ry, between 10,000 and 50,000,000 can be 
determined 

Fig. 5 was plotted from points taken from the original co 
efficient-Reynolds number curves, using the coefficient at the 
teynolds number for air at 30” of mercury absolute pressure, 
60° F. and 50” water differential. The general shape of these 
curves is similar to those previously published for vena con 
tracta taps. (See A.S.M.E. Fluid Meters Committee Report, 
third edition, page 38.) The values, however, are quite different 
for the smaller lines and for the large ratios in all lines. 

lhat there is any difference with line size is due to the fact 
that the coefficient-Reynolds number curves slope over the 
whole range and so give lower coefficient values for the larger 
pipes with larger values of Reynolds number This fact con 
firms the findings of earlier investigators. 

It is the opinion of the writer that a curve of this sort, to 
gether with correction factors for Reynolds number changes, 
is more practical for general use than are the original Rey 
nolds number curves, because it makes it easier to interpolate 
for odd sizes than these other curves do. If the curves for 
atmospheric air are used, the corrections will be both plus and 
minus, that is, the multipliers will be greater than one for 
lower Reynolds numbers and less than one for high Reynolds 
numbers. The maximum amount of the correction for atmos 
pherie air conditions would be about 0.8% (plus or minus as 
the case may be) for a 75% ratio orifice. 


Corner Taps. While corner taps are not used to any great 
extent in this country, they are standard in Germany and have 
been suggested as an international standard. There is available 
also a large amount of test data for these taps, notably that 
of R. Witte, so that the results can be compared with the re 
sults of others 

Fig. 6 shows the coefficient-diameter ratio curves for the 
same air conditions as used for the vena contracta curves. 
Plotted in these curves are the values given by Witte, as rep 
resenting the average coefficients for lines of from 50 to 310 
mim. (1.97" to 12.2” dia.). These values of Witte practically 
iverage the values for atmospheric air for lines from 2” to 
14 The maximum differential to which Witte worked was 
about 500 mm. of mercury minus water (20.6 ft. water) and 
as mercury manometers were used for all heads the tendency 
would be to get slightly different coefficients than when using 
water manometers for the lower heads and with differential 
heads as high as 52 ft. of water. Considering the difference in 
methods, the writer feels that the agreement between the values 
is good. The major difference in results is again due to the 
fact that Witte says that the coefficient-Reynolds curve is flat 
above a certain Reynolds number, which, as stated previously, 
was not found to be true in these tests. 


General Conclusions. It is the opinion of the writer that for 
general use a curve of the type of Fig. 5 for vena contracta 
taps or of Fig. 6 for corner taps should be used in specifying 
orifices. After the coefficient is chosen from the curve the 
proper corrections should be applied for difference in Reynolds 
number and compressibility. Nothing has been said here about 
the correction for compressibility, as that is another, though 
closely related, problem. The correction for change in Reynolds 
number can be found by comparison to the coefficient-Reynolds 
number curve of ratio nearest to the desired ratio, or by de 
termining some general correction to apply, depending upon 
pressure and differential for a gas or vapor and upon differen 
tial for a liquid. It would probably be better to give tables of 
these corrections for different fluids and conditions than to ask 
the ordinary orifice meter user to calculate the Reynolds num 
ber for each orifice which he wished to use. 

If the orifice is properly constructed and installed, the co 
efficient of any orifice will be within 44% of the values taken 
from the curves for the same condition, and probably will be 
much closer than \.% of this value. This will be true if the 
orifice is constructed according to the recommendations made 
under the discussion of effect of edge thickness. This accuracy 
is as great or greater than that of any other metering element 
which can be reproduced as easily as can an orifice, and proves 
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the desirability of the orifice meter for all accurate metering 
purposes. 

Care should be taken, however, in the choice of size, and if 
possible the diameter ratio should be kept between 20% and 
75%. Orifices with higher and lower ratios were found to be 
less easily reproduced and more subject to external influences 
For smaller ratio orifices the allowable tolerance must be in 
creased with a decrease in ratio to about 1% at 10% ratio 
and even higher than this for smaller ratios. This is especially 
true in small pipes as it is much more difficult to make similar 
orifices for diameters of less than 1,” 

Curves are given for pipes as small as one inch; however, it 
is the opinion of the writer that for lines of less than 2 
diameter the orifices should be individually calibrated in the 
line for accurate metering. 

While values given are for vena contracta and corner taps 
only, the curves for flange and throat taps are quite simila: 
except for high ratio orifices and for the fact that the absolute 
values are somewhat different. Pipe taps show about the sani 
differences for variation of Reynolds number and about the 
same consistency for diameter ratios up to about 50%, but 
larger ratios apparently were very much affected by _ pipe 
roughness and so were not at all consistent. For this reason, 
the coefficients for pipe taps for large ratios are difficult to 
predict. 





Northern Equipment Co., Erie, Pa., announces the appoint 
ment of The C. J. Gaskell Co., Box 162, Memphis, Tenn., as 
representatives for Copes feed water regulators, differential 
valves, pump governors and allied equipment. 





The Bristol Company, Waterbury, Conn., announces that in 
order to serve the Canadian market still better and to expand 
and consolidate its present Canadian service laboratory of 12 
years standing so as to include sales, service and manufactur 
ing, a separate company, The Bristol Company of Canada, Ltd 
has been incorporated. Factory and general headquarters will 
be located at 64 Princess St., Toronto, Ont., where Bristol re 
cording, indicating and control instruments will be made 
J. 5. Mayberry, graduate engineer of ‘Toronto University, and 
for 10 years with the parent company, has been appointed 
Inanager. 
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ON THE OCEAN FRONT 


She Breakers 


ATLANTIC CITY, N. J. 


Extraordinary Reduction in Rates 


AS LOW AS 
Without Meals 
$2.50 Daily Per Person 


With Meals 
$5.00 Daily Per Person 
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Hot and Cold Sea Water in all Baths 
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General Considerations of 
Electrical Measurement 
and Control 


By PERRY A. BORDEN} 
and M. F. BEHAR** 


1. Brief Survey of the Field 


The uses of electrical energy in industry may be classified as follows 

(1) Processing conditions as in electric furnaces, electrolytic processes, ele 
tric welding, and the precipitation of finely divided solids from gases 

(2) Motive power: The driving of conveyors, elevators, rolling mills, ma 
chine tools and numerous specialized forms of textile, rubber, paper, tobacco, 
chemical, wood-working, ceramics, plastics and food-products machinery: to 
which service is related 

(3) Measurement of non-electrical magnitudes such as temperature, flow, 
pressure, speed, chemical conditions, ete. 

(4) Manual and automatic control of conditions, including the remote con 
trol of valves, dampers, etc., the automatic regulation of temperatures, pressures 
and chemical conditions. 

(5) Illumination: The general and special lighting of the plant 

(6) Communication and signaling; including bells, pilot lights, telephones, 
remote indicators, etc. 

(7) Safety: from the simplest cut-out to the most elaborate interlock circuits 

Problems of electrical measurement, however, confront us not only in the 
above-mentioned aspects of the utilization of electrical energy but to an even 
greater degree in the power house and on the circuits through which the electric 
current is made available to industry. 

Electrical instruments thus have manifold duties to perform. In some in 
stances they appear only as indicators, giving the user an idea of the present 
value of the magnitude with which he is dealing, in other cases as recorders, 
providing a permanent record of energy consumption or of the performance of 
some unit of the plant. Electrical instruments are often essential to the success 
ful operation of mechanical units; and to those responsible for the supply of 
electric power to industry and commerce, electrical measuring devices become 
the cash registers of the system and establish the revenues of the great electrical 
utilities. It therefore follows that not only is there a variety of electrical mag 
nitudes to be determined, but that the system of measurement and the required 
precision must vary greatly under differing conditions. 

The measurement of electrical magnitudes is a clearly defined subject and, 
while closely related to, need not be confused with, the use of electrical means 
for the measurement of non-electrical magnitudes, such as speed, etc. Since this 
Manual as a whole, however, deals with the subject of control as well as meas 
urement, there immediately arises the problem of just what we shall define as 
electrical control in this volume. The term may be, and is, applied to such sub 
jects as the control of production machines, locomotives, ocean liners or any 
device depending upon electric motors for propulsion. It may be applied with 
equal correctness to musical instruments and to heavy artillery, to dial tele 
phones and to traveling cranes. Electrical control forms the basic elements of 
almost every robot and helps to swell the pages of many popular publications 
As electrical control in its conventional sense is a subject much too broad for 
this Part of the Manual, a distinct effort will be made to conform to the prin 
ciples of other Parts of the work in dealing only with the actual automatic con 


First chapter (XXIX) of Part Seven (Handbook of Industrial Electrical Measurements an 
( ontrol) of Béhar’s Manual of Instrumentation. See editorial announcement of this series o1 
page A7 of November 1933 Instruments. A complete chapter of this new handbook will be pub 
lished in each issue of Instruments throughout 1934 and 1935 Each chapter is to be ubjected to 
a final revision, and then set in type, shortly before its appearance in this serial form, in order to 
assure that the subject matter is thoroughly up-to-date. This new book is not published serially in 
any other periodical. Entire contents copyright. To be issued in book form on or about Jan 1936 

+Member A.1L.E.E, iii 
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A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
andair to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- “__—_ . | 
tegrating the flow 

of steam, water, 
sewage, air, gas 
and other fluids. 





RECORDERS for 
temperature, 
pressure, draft, 
speed and other E 
factors. Fluid Meter 


| 
| 
| 
| 


—CONTROLS— 


COMBUSTION control to main- 
s —|— tain steam pres- 
sure and com- 
bustion economy. 


SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 





4 sure, temperature 
Control Panel and other factors. 
—REGULATORS— 





FEED WATER regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- | a2 | 
ae 
= 
be 


tors for heating and 
process services. 


DRAFT regulators [ a 
Dsial 


to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 
















/ — 


Complete information on sere 
Regulating Valve 


any of the above Builey 
products will be gladly furnished upon request 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 
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Gas Analysis by Meusurement of 
Thermal Conductivity. by H. A. Dayne 





sort Cambridge University 
l’re (New Yorl The Macmillan Co.) 
Cloth, 54%x8&% inches; viii 57 page 
$4.2 
Ye 1 full-size treatise entirely de 
yted to the thermal conductivity meth- 
i of gas analysis—and not one of its 
130,000-odd words represents padding 
pedantry. Dr. Daynes, with the as- 
tance of the I S. Bureau of Stand- 
irds and f English ind American 
trument companies, has “at one 
troke done for this fleld of instru- 
mentation what it took Féry, Wien, 
Pianck, Burgess, Forsythe and many 
others down to Ribaud last yea to do 
for optical pyrometry. We draw this 
parallel advisedly, instead of citing re 
sistance thermometry because the 
platinum coil has always enjoyed con- 


fidence whereas an indirect physical 
method of chemical analysis required 
in able advocate even after it had been 
developed so fully that it had begun to 
be used for the control of processes 
Henceforth it may reasonably be ex 


pected that conductivity cells will be 
used not only in laboratories but in 
plants, with as much confidence as are 


optical pyrometers 

Although it is entitled “Historical 
Introduction,” Chapter I describes the 
various possible methods and discusses 
them in such a way that the reader not 
acquainted with the prin- 
cipal sources of error but gains the im 


only becomes 


pression that these have been discov 
ered, are well Known and can be com 
pensated for in practice—an impression 
which is strengthened in Chapter II 
where the relations of composition, 


onductivity and instrument readings 
ire formulated and conductivity data 
given for numerous pure gases and 
gas mixtures. Chapters III, IV, V and 
VI describe every practical type of cell 
ind of circuit and discusses them at 
length with a profusion of formulas 
and circuit diagrams 

Then comes the feature which alone 
makes this book stand high above the 
general literature of measurement 
four chapters, totaling 56 pages, on the 
time lag of the conductivity cell, on 
sensitivity, on all sources of variance 
and zero creep, and on methods of cali- 
bration, the treatment of these matters 
being thoroughly modern—almost like 


a series of Instruments articles and 
almost suitable for process men. The 
reviewer must say “almost” because 


Dr. Daynes seems to have written these 
chapters for laboratory Ph.D's rather 
than for industrial users, to judge from 
his own remark at the end of Chapter 
IX on “Stability of Zero” 

‘ It will be seen that there are 
many factors affecting stability of zero 
and that it ts necessary r each worker t 
experiment with his own conditions 
Where the conditions of expertmment per- 
mit, some zero errors may be automa- 
tically eliminated and the sensitivity 
doubled at the same time by the de- 
vice of interchanging the gases in 
the two cells of the meter and taking 
the difference of the readings under 
steady conditions before and after the 
change (Italics are reviewer's.) 

Chapters XI and XII, which discuss 
accessory apparatus and divide methods 
of analysis into five broad classes, do 
not call for mathematical and advanced 
scientific training on the part of the 
reader and are evidently intended for 
process men as well as_ laboratory 
workers, but the author here seems to 
forget his industrial readers’ desire for 
automatic control—which he dismisses 
with a brief note. The next five chap- 
ters deal with industrial applications 
such as combustion, airships, produc- 
tion of industrial gases, etc., and dis- 
cuss critically but fairly the numerous 
commercially available devices made 
by four English, four American, and 
two German firms, including four auto- 
matic controllers of which only one is 

(Continued on Page 12) 


’ 


INSTRUMENTS 
Page 10 — Vol. 7 


trol of electrical magnitudes, rather than trespass in the fields of accompany 
volumes by attempting to treat the control of a variety of magnitudes and 


] 
vices through electrical agencies 


2. Characteristics of Electrical Instruments 

Electrical instruments differ in a number of essential features from devi 
commonly employed in many other engineering measurements. While with 
relatively small expenditure of energy the electric current can be made 
produce great mechanical forces, this is generally at the sacrifice of precisior 
and if exactness of relationship between the electrical and the directly measu 
able magnitudes is to be obtained, it usually is essential that relatively sm 
actuating forces be made to suffice, with a consequent smallness and lightn: 
in the parts of the instruments. Thus, while the mechanical construction of 
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THE RAYLEIGH CURRENT BALANCE AT THE NATIONAL BUREAU OF STANDARDS, WASHINGTON 
TYPIFIES THE HIGHEST PRECISION GRADE OF ELECTRICAL INSTRUMENTS. 


Diagram Showing Principle of Current Balance The Current Balance as Actually Used 
A—Weight to counterbalance suspended coll The two fixed coils can be seen in the 
B—Weight to balance magnetic force on suspended coil lower case. The moving coil suspended 
C—Suspended ceil from the balance arm Is enclosed. Weigh 

Ings are made by an observer outside the 
D—Upper fixed coil room through windews at left—at night 
E—Lower fixed coil after street cars step running, and only 
F—Stirrup for holding leads to suspended coll on nights when earth’s magnetic field 
An electric current flewing through coils C, D and E is fairly constant. ‘‘Weighings must not have 
measured by weights balancing the electromagnetic force exerted an error as great as one in ten million,”’ 
on C. writes Dr. E. C. Crittenden. 


electrical instrument is generally simple, the mechanism is comparatively dk 
cate, requiring careful handling, and subject to adjustment and repair only | 
skilled electrical instrumenticians 

Whereas in many industrial measuring instruments the actuating and rest 
ing forces are derived from a single element of the mechanism (such as a Bou: 
don tube), in electrical instruments the two forces necessary to a definite mea 
urement are almost universally derived from separate sources. This will be gor 
into further in the April instalment 

Electrical instruments have in them elements subject to the effects of te: 
perature changes; for not only must the expansion of mechanical parts and tl 
varying characteristics of springs with temperature variations be allowed fi 
but the change in resistance of electrical circuits due to the same conditio 
may have very important effects on the measured value of the magnitudes. Fi 
tunately, it generally is possible to provide nearly complete compensation t 
temperature effects 

A further characteristic of electrical measuring devices lies in the fact th 
they may be both productive of, and sensitive to, stray electrostatic and elect: 
magnetic fields. This makes it important that in the use of electrical instrume: 
due precautions be taken as to the electrical and magnetic conditions existi: 
in the immediate neighborhood of the measuring equipment, and the proxim: 
of adjacent instruments. 
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3. Classes and Types of Electrical Instruments 


There are several ways in which electrical instruments may be classified, and 


each classification has its use. One system is according to the degree of care and 
expertness which they require; and this is in almost direct proportion to the 
precision of the results which may be expected from them. Thus, we might 


divide them into such groups as 


(a) the delicate scientific instruments, 

(b) the electrical laboratory instruments, 

(c) the portable testing instruments, 

(d) the switchboard instruments which require some care and occasional 
checking of accuracy, and finally 

(e) the commercial instruments which are supposed to serve uninterrupted 
ly for years without maintenance. 





TYPICAL INDUSTRIAL ELECTRICAL INSTRUMENTS 

Two Roller-Smith Co. ‘‘Type FD’’ instruments, an 
ammeter and a voltmeter, both d.c., on panel of U. S. 
Light & Heat Corp.’s portable electric welder. 


AN INDUSTRIAL RECORDING INSTRUMENT 

The Leeds & Northrup ‘‘Speedomax’’ null-method 
automatically balanced high-speed recording potentiom- 
eter pyrometer, employing amplifier and vacuum tubes 


The figures herewith show examples of each of these—which, as is now evi 
dent, are “grades” rather than distinct categories. In this scheme of grading, 
there is no definite place for the industrial instruments with which we are pri 
marily concerned in this volume. In other words, correct instrumentation may 
call fora delicate and extremely accurate device in one instance, and in another 
instance for a device which must above all be rugged and need not be an i1 
strument of precision. 


Closely linked with the above classification is that into forms: (1) Labora 
tory, (2) Portable and (3) Switchboard or panel 
_ Another important classification is based on the measuring functions per 
formed; in other words a classification into “kinds” of instruments (as ex 
plained in detail in Part One of this Manual). Here there may be said to be 
tour general classes, as follows: 

Indicating, in which the instantaneous value of the measured magnitude is 
at all times expressed by an indicator or pointer on a graduated scale 

Note: A detecting instrument is simply an indicating (or even a recording) instru 
ment used for a restricted purpose 

Recording (or graphic), in which a pen or other marking device traces a 
graph of the values of the measured magnitude upon a moving chart 
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2132 Woolworth Bldg., New Yor Bethlehem, P 
Offices in principal citle I A. & Canada 
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The Thwing Treasure Chest 1 


highly accurate portable potention 
eter for calibrating and = checkin 
pyrometers and thermocouple or 


venerul purpose . i used a Lt ai 
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rect reading potentiony 


The Treasure Chest is complet 
self contained with standard ce 
batteries, resistance coil, the Ele« 
trocrite and the self-checking fea 


ture 
Every plant using pyrometers 
should have a Treasure Chest 
Ask for Bulletin 116A 
Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A 
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INSTRUMENTS BOOK SHELF 


(Continued from Page 10) 

ade ribed, the other three being 
mentioned as available: 

In the last chapter (XIX), on the use 
f the thermal conductivity method in 

entific research, Dr. Daynes displays 
hi plendid mastery of the subject and 
ive i profusion of references to in 
terested workers not only in chemical 
but in biological and medical labora 
tories. There are three appendices—not 
table or reprints but original mathe 
matical developments of the relations 
laid down in the early chapters. These 
deal with minimizing temperature and 
current errors, some properties of the 
unbalanced bridge ind conditions for 
optimal sensitivity Based on Dr 
Daynes' rich experience, they will be 


of 


value to designers as well as to some 
The book is excellently printed and 
handsomely illustrated 

M. F. Béuar (8)-B- 





MANUFACTURERS’ 
NEW LITERATURE 


in this department we each month list 
the printed matter issued by manufacturers. 
Unless otherwise noted, any of the items 
listed may be secured free upon applica- 
tion to the issuing firm. Manufacturers who 
have not yet sent in their printed matter 
are invited to do so. 





Bl Automatic Control. Ingenious 
cardboard device clarifies operation of 
“Rotax automatic controllers. &-page 
Bulletin 184 describes them in detail 
The Foxboro Co., Foxboro, Mass 


B2 Microscopes, ete. Folder entitled 
“Probing Nature's Secrets.” Another en 
titled “That Christmas Gift for 
Bausch & Lomb Optical Co., Rocheste 
N. ¥ 

3 Laberatory Temperature Control. 
Leaflet describes new regulator. Bausch 
& Lomb Optical Co., Rochester, N. ¥ 

B4 Pocket Saving Rule Case. Leaf 


let describes combination cass and 
decimal-equivalent table Brown & 
Sharpe Mfzg. Co Providence, R | 


BS Radio Transmitters. 4-pagze bul 
letin on Western Electric Co.'s D-95857 
Set of Conversion Parts which affords 
100 modulation. Graybar Ele< Co., 
New York City 

B6 Testing Machines. 4-page Bul 
letin 0 describes new Southwark- 
Heydekampf line. Baldwin-Southwark 
Corp., Philadelphia, Pa 

B7 Ceal Specialties. Set of bulletins 
on coal-pile alarm thermometers, fuel 
value computer, ete. Arthur T. Ward 
New York City 

BS Smoke Indicators. Leaflet ds 





scribes “Smokgage, ete Ess Instru 
ment Co., Parkersburg, W. Va 

9 Size Tester. 8-page bulletin and 
lt let on electrical device for dete 


mining degree of sizing of paper. Sorg 
Paper Co., Middletown, Ohio. 

810 Fuel Gas Analyzer. Broadside on 
electric recording COs meter, The Brown 
Instrument Co., Philadelphia 

Bil Instrument Transformers. Folder 

Bulletin Ms [TVe" on portable current 
transformers. Herman H. Sticht & Co., 
New York City 

B12 Industrial Instruments. Mechani 
eal Catalog page reprint, and leaflet 
announcing portable COs set. The Hays 
Corp., Michigan City, Md 

Bi3 Relays. 24-page catalog contain- 
ing technical data; also a number of 
new loos leaves on relays, thermo- 
regulators, et Struthers Dunn, Inc 
Philadelphia, Pa 

B14 Petentiometer Pyrometer, 16-page 
profusely illustrated Bulletin 190 on 
new model recorder. The Foxboro Co., 
Foxboro, Mass 

B15 Industrial Thermometers. Leaflet 
announces new line of recorders and 
dials. Jas. P. Marsh Corp., Chicago, I11 

B16 Cathede Ray Tubes and Oscillo- 
graphs, Leaflets and loose leaves an 
nouncing new developments in these, in 
amplifiers, ete. Allen B. DuMont Labs., 
Upper Montclair, N 

B17 Flew Control. 16-page technical 
bulletin on type CD rate-of-flow con- 
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Integrating, in which there is provided a summation of all the instantane 
values as referred to a time basis, the final result being obtained from the a 
vance of a counting mechanism during the lapse of a predetermined interval 
time 

Controlling, in which an electrical measuring element, by means of contact 
or otherwise, automatically regulates the value of an electrical magnitude, su 
is current, voltage or power. 

Again, electrical instruments may be classified according to the nature of tl 
electrical magnitude which they are designed to measure. Such a classificatior 
in brief, was given in Table I, Part One of this Manual. At this point, it bh 





TYPICAL PORTABLE INSTRUMENT TYPICAL SWITCHBOARD INSTRUMENT 
A Westinghouse ‘‘Type PX-4’’ multi-purpose and A Weston ‘‘Model 502’’ permanent magnet, movable 
multi-range instrument for general testing work requir- coil, d.c. voltmeter in rectangular case 534 x 6 x 41, 
ing light weight. Net weight 21 Ibs. inches. Scale length 51 inches. Accuracy 1%. 
comes necessary to give it in full. In so doing, however, one notes that amon 


the twenty-odd entities involved, there are some which are true magnitude 
(truly measureable), and others which are not measurable but merely determin 
able instrumentally. Examples, Wave Form and Polarity. At any rate, a fairl 
complete classification of electrical instruments, based on what they measur 


or determine, now follows: 


Current Resistance 

Electromotive Force Inductance 

Power Capacitance 

Energy Impedance, Reactance 
Volt-amperes Magnetic Field Strength 
Reactive component Flux Density 

Power Factor, Phase Ang] Permeability 
Synchronism Hysteresis (Iron Loss) 
Wave Form Polarity 

Frequency Misc. Radio 





TYPICAL PORTABLE TEST INSTRUMENT 
TYPICAL PORTABLE INSTRUMENT A Westinghouse ‘‘Type PX-5’’ triple-range d.c. volt 
A General Electric ‘‘Type AP-g’’ which may be said meter for general testing in plant or laboratory wher 
to be ‘‘intermediate’’ in size, weight, accuracy and accuracy is preferable to light weight. Case is 714 
cost. Case is 642 x 434 x 2% inches. Length of 81/16 x 4 inches with cover (removed from hinges i: 
mirror scale (mean arc) 414 Inches. Accuracy 0.75%. this photograph). 5-inch mirror scale. Accuracy 0.5% 
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Still another classification is to be found in the principles of operation, inas 
h as electrical instruments for different purposes may operate on identical 
This classification (1, electrothermal; 2, electrochemical; 3, electro 
4. electrostatic) is so far as possible used in the succeeding ( hapters 


muc 
principles 
magnetic; 


4. Obsolescence 


It will be found that there are described some types of instruments which 
are no longer commercially available; and in explanation of this it may be said 
that these types are either of distinct technical interest despite their relatively 
limited application, or else, although now obsolescent, have served such a useful 





A PURELY TESTING INSTRUMENT 


The Thwing ‘‘Resistometer’’ is especially designed 
for testing resistance thermometers, etc. in the plant 
and laboratory. 


TYPICAL RECORDER TYPICAL COMMERCIAL INSTRUMENT 


Portable form of an Esterline-Angus ‘‘Graphic’’ 
milliammeter (also made up in wall and switchboard 
models) with high-torque d’Arsonval element (shown 
below). Chart speeds available range from 34 inch per 
hour to 11 inch per second. 


A General Electric watthour meter combined with a 
recording demand meter of the ‘‘block-interval’’ type 


purpose in their day and are still found in such large numbers, as to constitute 
important elements in the work of the instrumentician. For example, there are 
in use thousands of old moving-iron and permanent-magnet indicating instru 
ments no longer listed by their makers and which, according to accepted meth 
ods of computing depreciation, have been entirely written off as plant assets, 
but which are by no means of zero technical value. (Yes, we have in mind that 
old pet of yours in the top shelf!) The technical reason is that most electrical 
instruments—practically all well-built electrical instruments—grow more de 
pendable with age, in that their drift or creep has become nil so that their 
calibration is nearly permanent. A word of caution, however: age alone is not 
a desirable characteristic, and when it comes to selecting instruments, it would 
be false economy to purchase a random assortment of second-hand instruments 
instead of the latest models on the market. 
These remarks do not apply to watthour meters: the requirements for elec 

tricity metering have become so exacting in the last few years that old meters 
are “obsolete” in every sense of the word even if they are in good condition 
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B19 Time Studies, Three 1 
on Wie! ‘ timing instrut Ml 
Klein & Co New York ¢ \ 

B20) Combustible Gas Analyzer. 
page bulletin describe I tal 

it nstrument. Bach ich | 
Instrument Co ittsburel I's 

B21 Excess Temperature Cut-out 
Leaflet HID-1133 describe new f t 

itomatic device Hevi Duty EF 
or Milwaukee W 


22 Prepayment Meter. |} 
describes new prepayment 
eter Sangamo Electric C: 


IS Liquid Measuring Devices. 
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ments in Vol-U-Meter bott {} 
et Vol-U-Meter Co., Buffal N. ¥ 
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Production Instrument Co., Chicago, 1] 
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INSTRUMENTS, 330 W. 42nd St. 
New York City 


Please have me supplied with a copy of 
each piece of Manufacturers’ Literature 
listed below. 


Name 

Position 

Firm 

Street and No 

City State 





JUST WHAT YOU HAVE WANTED 
FOR A LONG TIME 


This New Electric 


STOP CLOCK 





Accurate to better than 1/5 of a sec- 
ond —dead beat—controlled by con- 
venient switch. 

Large 3.” dial—3 times larger than 
an ordinary stop watch—scale divisions 
of 1/5 second. 

A very practical and ruggedly bullt 
instrument —avoids the expense and 
nuisance of jeweller’s repairs. 

Makes rapid and accurate readings 
certain and easy. 

Furnished in neat hard wood case, 
complete with extension cords for con- 
nection to current supply, cord with 
manual control switch and resetting 
button. Reasonably priced. 


THE STANDARD 
ELECTRIC TIME COMPANY 
SPRINGFIELD, MASS. 


Write for Prices Please State Voltage and Frequency 
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NEW 
INSTRUMENTS 


Write Information Section, Instruments Publishing 
Company, for additional Information. 





Indicating Potentiometer 


Pyrometer 
The Foxboro Co. 


LJ, adjustments are centrally lo 
cated on the front cover plate of 
this new instrument, which em 


ploys the potentiometer principle of tem 








measure 


perature 
The 


meter pointer swings 


ment. galvano 
just above the tem 
perature dial and is 
brought to balance at 
the hair-line 
index which marks the temperature meas 
urement. The hair-line is part of 
window through which both pointer and 
the same time. ‘Thus, 








same 
a glass 


scale are viewed at 
balancing and reading are practically one 
operation. Seale length on the 6” dial is 
17”, permitting fine divisions, and plain 
black figures add to the readability. The 
double-suspension galvanometer is de 
signed to withstand industrial use with 
out impairing accuracy or sensitivity. 
The universal moisture-proof case, 
said to be unique in design, may be either 
surface or flush mounted. When flush 
mounted, a clamping device holds the in 
strument tight to the panel without 
screws or bolts extending through. Ther 
mocouple leads are brought to a connec 
tion compartment, sealed from case in 
terior, and with openings for introduc 
tion of conduit if desired. Foxboro mul 
tiple-point rotary selector switches may 
be used to connect any number of thermo 
couples to the indicator and may be fur 
nished for flush panel mounting as shown 
in illustration. 


new 





"Damplifier" Flow Control 
C. J. Tagliabue Mfg. Co. 


OW available with Tagliabue mag 
netic-coupling flow recorders (Jn 
struments, June 1933, page 109), 


an improved air-operated system of flow 
control known as the “TAG Damplifier” 
combines inherently balanced primary 
elements with amplifying secondary con 
trol elements in such manner that, accord 
ing to the manufacturers, it “makes pos 
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sible the complete realization of every 
desirable characteristic of automatic con 
trol . will maintain the setting point 
precisely, even though this may require 
at times an almost diaphragm 
valve and at other times an almost wide 
open valve. Under all conditions throt 
tling non-hunting regulation is provided.” 
Essentially, the new system differs from 
the previous arrangement (of air leak, 
flapper and capsule-actuated pilot valve) 
in two respects: (1) Interposition of air 
flow restrictions, shown on the schematic 
diagram, Fig. 1, by conventional symbol 


closed 


for electrical resistances. These damp the 
effects of altered air (2) A 
lever system providing a “follow-up” ac 
tion such as is employed to stabilize some 
turbine-speed governors and other highly 
developed automatic controllers. Opera 
tion:—A 15-lb. regulated air supply is 
maintained to ball air valve G. The pri 
mary pilot of the control system is a 
nozzle air leak of usual design, with flap 
per K positioned by the flow recording 
Assume a condition when the pen 
that the desired rate of flow is 
being correctly maintained by diaphragm 
valve N. Something now 


pressures. 


pen. 
shows 


occurs Causing 


a decreased flow, moving pen downward. 
To restore flow to set point now requires 
a greater valve opening, hence, less air 


The pen 


on diaphragm top of valve N. 





Strip-chart Multiple Recorders 
Republic Flow Meters Co. 


continuous-line 
three 


im 
records, in 
pairs, are produced 
the 12” chart of this 
instrument. ‘Temper 
itures, pressures, flows or 
percents of CO, can be 


on 
new 


recorded in almost any 
desired combination. 
Graduations in each of 


the three zones are even 
ly divided. Chart drive is 


by synchronous motor. 
Chart length is 1500 
hours (two months). In 


dividual pen-actuating 
elements, in pairs, are of 
the ammeter type described elsewhere in 
this issue under new Republic flow in 
struments. 
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moves flapper K toward the nozzle, 
creasing the air escape and quickly 
creasing the pressure in capsule E wl! 
brings lever A upward, causing ball y 


G to decrease air pressure to diaphr seri 
valve N. This decreasing air pres ate 
now acts on capsule E so that on! cha 
small diaphragm valve change ta 


place. Simultaneously, capsule F defi 





Fig. 1 





Fig. 2 


very slowly by reason of interposed 
sistance, lowering fulerum C of ma 
lever A and moving point O upward (| 
being the fulerum in this action) tl 
slowly amplifying the initial change 
position of ball valve G. All this time, 
gradually decreasing air pressure on di 
phragm top of valve N has been opening 
this main valve, thus increasing the mai! 
flow being controlled by the instrumer 
and graduaily moving the recorder }: 
back to its original position—and with it, 
of course, flapper K. Equilibrium of thy 
control system is thus restored only whe! 
the recorder pen is back at the setti 
point; that is, when the flow being c 
trolled is restored to the desired rate 








Effluent Thermoregulator 
Bausch & Lomb Optical Co. 


HIS novel equipment combines siz 
constant-pressure tower, a flow-re; in 
lating valve, a variable electric heate1 ele 
and related parts, its purpose being t ext 
deliver a steady flow me 

water at constant ter she 

perature. This “B & |] sm 

Constant Temperatur she 

Control” is said to be al = 

solutely necessary for a: a 

curate work with refra Fig 

the 

tometers and makes the 

possible to titrate at co! re 

stant temperature and t sta 

make pH measurement lar 

the proper temperati ful 

of 25° C. The effluent rec 
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ed. 

be easily held to + 0.1°C. and publis im 
work has been done to + 0.05°C. Ti Gr 
perature is adjustable from -+- 5°C tor 
temperature of input to + 40°C. S« Re 
ice connections required are cold wat the 
drain and 110 volt a.c. or d.c. art 
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Re-designed Flow Instruments 
Republic Flow Meters Co. 


AID to represent “a wholly new con 
ception of instrument design,” the 
individual instruments of this new 
series, as well as their electrically-oper- 
ated elements, are standardized, inter 
changeable, housed in three standard 





Fig. 1 Fig. 2 


Fig. 7 Fig. 8 


, 


sizes of “cartridges” and easily removed 
and replaced without disturbing other 
elements on the same meter panel. For 
example, Fig. 1 shows a pen-drive ele 
ment for a recording instrument; Fig. 2 
shows it partly slipped into a standard 
small-size cartridge to form the unit 
shown in Fig. 3 which, on a meter panel, 
would be mounted above the chart-drive 
or “clock” unit, Fig. 5. The indicator unit, 
Fig. 6, contains an element different from 
the pen-drive element but fitting into 
the same small-size cartridge. Fig. 4 
shows an integrator unit composed of a 
standardized element in a standardized 
large-size cartridge. There are also dual 
function units with two independent pens 
recording two flows; and even triple 
function units composed of three inde 
pendent elements (or of various com 
binations) in one cartridge. Figs. 7 and 
8 show a panel with indicator, pen-drive 
and chart-drive forming a recorder, and 
integrator. Numerous standard panels 
16” wide are available, also three sizes 
of “detached” boiler horsepower indica 
tors on panels 16x16”, 20x20” and 24x24”. 
Panels are 12-gauge with 1%” roll-back 
edges; instrument bezels are cast alum- 
inum and project 1%” out from panel. 
Greatest overall depth is 4” for indica- 
tors and recorders; 5” with integrators. 
Removing units is said to be quite easy: 
the recorder pen is unhooked, three wires 
are disconnected, two nuts removed and 











the entire unit withdrawn, after which 
the electrically-operated element (Fig. 1) 
can be inspected. All recorder charts have 
uniform flow graduations, the conversion 
from quadratic to linear being accom 
plished in the resistance type meter body 


Fig. 3 





Fig. 4 


Fig. 6 





In the new design the pen adjustment is 
accessible from the front of the instru 
ment, and the pen is automatically lifted 
from the chart on unscrewing the chart 
knob which, being part of the pen re 
lease assembly, is always held in position 
Indicator and recorder elements are am 
meters with the usual restraining spring 
replaced by an electromagnet. Integra 
tors operate on the watthour meter prin 
ciple (with an electromagnet instead of 
a permanent magnet to nullify effects of 
voltage variations) so that their action is 
continuous and unaffected by any clock 
mechanism or mechanical action. 





Carrier-current Signal 
Equipment Finds New Use 
General Electric Co. 


OAD control is the latest application 
of carrier-current equipment, the 
first installation having been made 

recently in New Hampshire in connection 
with two fully automatic hydroelectric 
stations of the Twin State G. & FE. Co., 
known locally as the New Durham and 
Merrymeeting stations. The output of 
Merrymeeting is supplied to the system 
over a 4,000-volt line through New Dur 
ham where the connection to the main 
system is made. An operator living near 
the New Durham station has supervision 
over both, with instruments at New 
Durham to indicate the load carried by 
Merrymeeting. Starting and stopping of 
the latter is accomplished by closing or 
opening the oil circuit breaker in the 
New Durham-Merrymeeting line at New 
Durham. A separate cable circuit pre 
viously employed in the load control of 
the Merrymeeting generator became so 
unreliable that replacement became nec 
essary. A Type GCS single-tube carrier 
current signal transmitter was installed 


in the New Durham station, and a Type 


SCS double” receiver with coupling 
capacitors at Merrymeeting. A coupling 
to one phase of this 4,000-volt line with 


ground return is being used. The two 


elements of the double receiver operate 


on opposite half waves, ind consequent 


ly their independent actions depend on 


the relative instantaneous polarity of the 


supply voltage to the transmitter and 


receiver. Permanent connection to the 
supply voltage (110 volts, 60 eveles) i 
made at the receiver, and a standard 


double-pole double-throw governor cor 


trol switeh is used to reverse the SUPP 


connection to the transmitter. Each ele 


ment of the double receiver controls the 
oper ition of the motor operate d gate 


limit control, one element to open the 


vate and the other to close it 


The above is of interest as suggesting 
futher possibilities. The distance is not 
stated but carrier-current equipments are 
rated at 40 db., corre spondin to BOO 
miles over a clear 46-ky transmission 
line. In connection with ground return 
mentioned above it must be noted that 
carrier-current equipments operate best 
When a full-metallie circuit is used as 
the path for the carrier-current The 
two-wire metalhe circuit used as a path 
should be free from direct grounds. If it 
is broken by ipparatus which form a 
high series imped ince at carrie! frequen 
CLES, by pass equip nt can be employed 


to transter the carrier energy around 


such obstructions 





Engine Compression Gage 
Commercial Engineering Labs. 
IVING 


compression pressures it all speeds, 


dependable readings of 

the Research Compression Gage 
operates on the same principle as the 
Research Engine Indicator (/nstruments 
December 1933, page 233), except that 


~ 


i 





the pressures are read from an indicat 
ing pressure gage instead of being re 
corded on a chart. The standard pressure 
element is mounted in the cylinder, usual 
ly in the spark plug opening, ind the 
small synchronizer interchanges with the 
distributor. When required, the synchron 
izer is so constructed that it can be 
mounted between the engine and the dis 
tributor so that the engine can be cper 
ated under its own power. This arrange 
ment permits compression readings to be 
taken in one cylinder while the others are 
in operation. The ignition type pressure 
element can be used and maximum ex 
plosion pressures obtained while the en 
gine is undergoing tests 
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Buchner Glass Funnels 
Fish-Schurman Corp. 
NTO a glass funnel is fused a glass 
disk provided with numerous uniform 
ly-spaced slits which are narrower at 
the top than at the bottom. Each size of 
funnel fits a given 








TT size of filter paper, 
which consequently 
+ lies flat without 
tearing All glass 

aaa aaa es . 
is transparent, 


highly resistant to 
acids and alkalies, 









ra and will not crack when 
v = boiling water is poured 
| 2m on. Rapid filtration is 
|~ issured by reason of 
iso large filtering surface 
Bo 3 > Residue can be detected 
t= 3. 7 % by reason of transpar 

° ency. Close fits of pa 


pers in corresponding 
funnels prevent side leakage. Five sizes 
ire available. These new Buchner fun 
nels are produced by the Glaswerk Schott 
& Gen., Jena. 





Universal Stopper Remover 
Eimer & Amend 


AVINGS of valuable apparatus, 
time and nerves will result from the 
use of this combination stopcock 
plug and bottle stopper remover, said to 





be the first device of its kind which is 
not only adaptable to all sizes but applic 
able to stopcock plugs (Fig. 1) and to 
“frozen” bottle stoppers (Fig. 2). 





Wide-range Flow Meter 
Republic Flow Meters Co. 


O meet the requirements of installa 

tions where wide flow variations must 

be measured accurately there has 
been developed a wide-range meter, con 
sisting of one orifice with two meter 
bodies (3 to 1 capacity ratio) connected 
in parallel, and two sets of instruments: 
one set operating electrically from the 
high-range body and the other from the 
low-range body. Two pilot contacts in 
the low-range body actuate a relay where 
by at low flows (below a definite rate) 
connection is only made to the low-range 
set of instruments, and above the change 
over point only to the high-range set. 
Thus the instantaneous rate is always 
indicated or recorded on the more suit 
ible of two indicators or of two record 
ers; and the sum of the areas on the two 
charts (using separate factors) repre 
sents the total flow, which may be 
checked against the sum of the registra 
tion increments on the two integrators. 
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All-service Gas Indicator 
The Linde Air Products Co. 


HIS latest addition to the Linde was 
indicating equipment supplements tw« 
other indicators, the U.C.C. Methane 


Detector and the U.C.C. Combustible Gas 
Indicator. Designed primarily for the 
manufactured gas industries, it does 
three things: (1) Indicates how flam 
mable or explosive an atmosphere is; (2) 
shows the presence of poisonous gases 
and vapors; and (3) indicates any defi 
ciency of oxygen. It can be used with ab 
solute safety for testing manholes, locat 
ing underground leaks, and in purging 
Like the earlier instruments, it is 
equipped with a body harness, is com 
plete, is ready for instant use and is said 
to be simple to operate. 





Triple-range Optical 
Pyrometer 
Pyrometer Instrument Co. 


HREE  seales are incorporated in 
this new model “Pyro” optical py 
rometer: a low-range scale (1400° to 


2200° F.) and a high-range scale (1800 
to 3400° F.) for black body conditions, 
and a third seale (2200° to 3600° F.) 
said to be corrected for reading molten 
iron and steel in the open. 





High-speed Micro Switch 
Production Instrument Co. 
\ILLF an inch-ounce of energy is 
more than ample to operate this 
new device, chiefly used in circuit 
with a magnetic counter, to count trans 
parent or extremely light objects without 
resorting to the use of photocells. It is 
standard equipment for counting Pull 
man tickets on a Hall folding machine. 
The straight spring arm shown in the 
illustration may be replaced by a curved 
spring arm, for sliding contact, and the 
switch is then used on such applications 
as stopping a rotary printing press when 
the web breaks, giving a signal or stop 
ping a textile machine when a single 
thread breaks, ete. Rating is 50 watts; 
highest sustained speed reported in all 
day counting service is 417 per minute. 








Inspection Polariscope 
Bausch & Lomb Optical Co. 


OR viewing strains in finished ¢! 
products, estimating their degree 


marking their location, this new 

strument employs a concave polariz 
plate of black Carrara glass evenly ill 
inated through a ground glass windo 
i calcite prism combined with a retar 
tion plate for analyzing; and a high-i 
tensity illumination unit (obtainal 
separately for use with old model polar 
scopes). Visible sample area is 4 i 
and the curtained space permits introd) 
tion of bottles or other samples up to 1 
across. This new instrument makes 
possible to detect strains in colored and 
in semi-transparent glass objects 





Contact Thermoregulators 
Central Scientific Co. 


IMETALLIC types of temperatu 
control units recently announced i 
clude these two: No. 13738A is a De 


Khotinsky design, single-pole doubl 
throw unit for use in air chambers. Each 
of the two opposed stationary contact 
will break a 800-watt load. Used with 
mechanical latch, electrical reset typ: 
of relays for heavy heater loads. N 
I38740A is described as a “positive u 
varying temperature control” (patent aj 
plied for). This thermoregulator is of the 
single-throw double-pole type equipp: 
with electromagnetic controls for t] 





13738°A 





pressure of the contacts. The mechani 
latch relay (not illustrated) operat 
0.008 sec. after the slightest contact 
made by the thermoregulator conta 
whose function is only to close the « 
cuit, never to open it. Thus, an extreny 
small differential is permissible. The w 
is free from chattering from mechani 
vibration. Loads up to 30 amps. may 
controlled. This unit is: said to be si 
able for industrial applications as well 
laboratory ovens and baths. 
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Laboratory Ovens 


Freas Thermo-Electric Co. 


EMPERATURE gradients are mini 

mized by horizontal-flow circulation 

in this new series of mechanical con 
vection units equipped with Freas thermo 
regulators of a new type as well as with 
indicating thermometers. ‘Three — sizes 
(from 1 to 9 cu. ft.) are each available 
in three short temperature ranges (room 
to 70°C., 70 to 180°C. and 150 to 260°C.) 
permitting extremely close control; longer 
ranges are optional, with sensitivity pro 
portionately less. Modernized designs and 
stainless-steel wall construction are 
among improvements. 





Convertible Microscopes 
Carl Zeiss, Inc. 


N designing the new “LL” Stand, par 
ticular attention was paid to comfort 

of observer, whose wrists can rest on 
the bench while he makes all adjustments. 
Image sharpness, affected in old designs 
when actuating focusing heads, now re 
mains undisturbed. The deep recessed 
limb facilitates examination of large ob 
jects. Slow motion is twice as sensitive 
as before. By means of the tube-changing 
device the following interchangeable com 


ponents can be used: (1) inclined mo 
nocular tube; (2) inclined binocular 
tube; (3) straight extensible tube for 
photographing, drawing, etc.; (4) quad 
ruple eyepiece revolver; (5) epi-bar for 
objects too large to be mounted on stage. 
Moreover, the “IL” Stand can be equipped 
with various stages and with various 
types of illuminating apparatus, making 
possible numerous different combinations. 





Fig. 1 Fig. 2 


Air-operated Work Sizer 
for Grinding Machines 
Landis Tool Co. 


UTOMATIC sizing, in connection 
with precision grinding operations 
both external and internal, and 
regardless of character of surface—is the 
purpose of a line of new instruments, of 
which one model is illustrated. Operation 
of the “Landis Air Sizing Device” is 
based on the changes of pressure in an 
air line (due to variations in the size and 
shape of the discharge opening) produc 
ing changes in mercury level in a U-tube, 
which constitutes a mercury switch con 
trolling feeds and other machine move 
ments. Fig. 1 shows a typical external 
grinding sizing head. The air outlet is 
between two diamond points which the 
oval spring causes to rest lightly on the 
work. As grinding proceeds, the air pres 
sure builds up, causing mercury to rise 
in the front tube of the control box, Fig 
2, and close one contact whereby feed-in 
speed is reduced. Grinding continues un 
til finish size is reached, when a second 
contact causes the wheel to move rapidly 
iway from the work. 





Magnetic Thickness Gages 


Commercial Engineering Labs. 


MPLOYING the same principle of 
- measurement of thickness of mag 

netic metals and alloys as the regu 
lar model (/nstruments, November 1933, 
page 212), these new “Micro-Magnetic” 
Thickness Gages have one electrical indi 
cating instrument instead of two. In op 
eration, a selective switch permits taking 
readings at either of two points. One of 
the new models is for use on outside of 
evlinders or tubes (or on flat or curved 
plates); the other is for insertion” in 
engine blocks, ete., for measuring wall 
thickness from inside. 


Mercury Thermoregulator 
American Instrument Co. AL 
NLIKE the usual Beck are \ 


mann or reservoir type 4 U 
of thermoregulator, this | 

new sealed mercury device = 

That be set at the desired op 

erating temperature without 

resort to any trial-and-erron 

method. Procedure is as fol 

lows: Bulb is immersed in 

liquid which is at exact tem 

perature at which regulator ij 

to operate; time is allowed for 

all of mercury in bulb to come 





to this temperature; surplus 
mercury (above upper contact) 
is spilled off into side reservoir 


by quick tipping motion. Regu 
lator is thus set within 0.02°¢ 
Operating sensitivity is said to 
he <0.01° C. Setting is undis 
turbed by exposure to 20” ¢ 
excess temperature. Manufac 
turer recommends that this reg 
ulator be used with a relay 
using < 10 milliamperes, such 
as “Aminco Supersensitive Re 
lay” (lustruments, Oct LO38, 


page 197) 





"Type Z'' Instruments 
Herman H. Sticht & Co. 


HIS new Siemens & Halske line is 
said to have several distinctive fea 
tures. Shunts are arranged to slip di 


rectly under binding posts on all ea 
pacities up to 20 amp Multi-range dial 
shunts (Fig. 1) are used on capacities 
above 20 amp. Some millivoltmeters are 
made up in combination for current and 
potential measurements, with range of 
10 ma. and 100° my 4 special plug typ 


ee 





Fig. 1 Fig. 2 
multipliers being used for voltage mea 
urements. For high-frequency work the 
WArsonval instrument has a range of 10 
mv. and 0.2 ma. and thermocouple con 
verters sliding under binding posts are 
available for full-scale range from 5 


ma. to 10 amyp., iso) vacuum thermo 
couples for from 5 to 100° ma kor 
potential measurements instrument ire 
also supplied with self-contained thermo 
couples with ranges of 10 ma.; plug type 
multipliers for 1.5 to 800 volt ire ilso 
available 





In this Section we strive to present ALL the news of devices for measure- 
ment, inspection and automatic control, in the form of concise technical de- 
scriptions. Most descriptions are written by our own engineering staff; some 
are prepared by manufacturers and carefully censored. NONE IS PAID FOR, 


DIRECTLY OR INDIRECTLY. 


When writing to manufacturers directly, please mention this Section as 


your source of information. 
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Recorder-controllers with Mercury Switches 
The Brown Instrument Co. 


IMPLETE separation of measuring 

and control functions is said to 

have been achieved in these tem 
perature, liquid level or pressure recorder 
controllers As re 
cording instruments 
they have the ap 
pearance ind the 
construction fea 
tures of the new 


NOARY POINTER “F* 


CONTROL POINT 
NOEX "8" 


Brown recorders PEN ARM “a” 
described elsewhere y 
in this issue \s 
SPRING “S* 
controllers they are 
mereury-switech in 
struments having a 
capacity of 15 
umps. at 110 volts 
(10 amps. at 220 
volts) which makes 
relays unnecessary 
in most applica 
tions, the switches 
being motor-oper 
ited so that no 
power 1s required 
of the thermal or a 
pressure helical 
spring. The mech 
inism which makes 
this independence 
shown 


ELECTRIC 
possible is woTOR 
in annotated photo 
graph, Fig. 1, and 
schematic diagram, 
Fig. 2. Control seg 


OPERATING ~ 
cam “G" 


Fig. 2 


ment D including neutral step segment 
C moves with pen A. Secondary pointer 
F, attached to control point index B, is 
depressed once every 6 seconds by de 
pressor lever E (which is moved down 
by operating cam G and returned up by 
spring S) and contacts segment D at 
point R. The elevation to which F re 
turns after being depressed depends on 
whether point R contacts D at M or N 
or misses it entirely at P. N is the “neu 
tral” step; its width is adjustable from 
zero to 50% of the seale range. 

When B is directly under A, R con 
tacts extreme right edge of M; if A is 
slightly above B, F slips past M and 
strikes N; if A is above B to an extent 
greater than neutral width, F slips past 
N to its maximum position which is the 
third or “high” step. The elevation of F 
in turn position switch selector H 
(mounted behind control mechanism base 
plate, not visible in Fig. 1). Every 6 
seconds this switch selector is raised by 
cam G and contacts pawls T (which pro 
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trude toward rear of instrument) there 
by positioning mercury switch L in one 
of three positions depending on extent of 
elevation of F. The result is that the 


KNOB FOR CHANGING SETTING 
OF CONTROL POINT INDEX “B 


i.) CONTROL SEGMENT “p" 












DEPRESSOR LEVER “E* 


SWITCH SELECTOR "H" 
1S BEHIND THIS 





PAWLS “T" 


\— MERCURY SWITCH "L” 


mercury in the switch “follows the pen”: 
If pen is to left of control index, mer 
cury flows to left; if A is to right of B, 
mercury flows to right; when A shows 
that correct temperature, pressure or 
level is being maintained, mercury is in 
center of switch. Pen A, actuated by 
helix, bellows or diaphragm of measuring 
system, is therefore as free to travel as 
if it were part of a non-controlling re 
corder, except for a moment every 6 
seconds when F contacts D; and parts 
, H, ete. merely “transmit the com 
mand,” the power for moving the switch 
coming from motor-driven cam G. Switch 
is mechanically locked in place until a 
new position is required. 

Non-recording Controllers. In addition 
to above-described line, manufacturers 
announce also round-case indicating con 
trollers embodying same measuring 
systems and control mechanisms. Scales 
are 6” long, with figures readable from 

> 10 ft. Instruments can be furnished to 
flash lights or sound audible alarms 





"Arc Arrester™ for In- 


dustrial Contactors 
Westinghouse Elec. & Mfg. Co. 


ITHOUT introducing mechani 

cal devices to suppress the arc 

it is possible to speed a.c. are 
extinctions with a simple single-break 
type of contactor by mounting an “are 
arrester” on its base. This new device is 
a small unit consisting of a small capaci 
tor and resistor connected across the 
poles on the load side of the contacting 
device. Its effectiveness is said to be 
startling: Oscillograms of tests at 550 
volts, 60 cycles with a 7% H.P. motor, 
rotor locked, as load, show less than one 
half cycle arcing with the arc arrester as 
against a persistence of five to eight half 
cycles without it. In practical installa 





tions but one unit is required for a 














phase contactor, and relief is afford : 
also for any disconnect, operating swit« : 
fuse or other rupturing device connect« se 
ahead of the contactor or linestarter. ( ye 
3-phase reversing service but one arc Yr 
rester is required as it acts with eqi ue 
effectiveness to relieve either the forwa vi 
or reversing contactor. li 
. th 
Universal Testers 
Shallcross Mfg. Co. 
AST, present “and future” radio s¢ 
can be analyzed, it is said, by mea 
of the new No. 611 universal test: 
which has the following ranges: 
i) 
D.c. voltage range (1000 ohms per 
volt) ..5-25-100-250-1000 volt 
ID.c. current range...1-10-100-1000 m.a 
A.c. voltage range (1000 ohms per ‘ 
. ) rr »-25-100-250-1000 volt 
Resistance (d.c.).. .0.5-5,000,000 ohn 
Resistance (a.c.). 25-3,000,000 ohn 
Capacity T 001-10 mfd 
Inductance - 100-10,000 hen 
The No. 611 can be used by itself fo 
point-to-point testing when chassis is r¢ wi 
moved from cabinet. For those who pre lig 
fer the type of analyzer using adaptor os 
there has also been brought out No. 611.\ tn! 
which is a boxed set with analyzer pan i 
in the lid whereby all tubes can be tak a 
Excess Temperature 
Cut-out 
Heavi-Duty Elec. Co. 
ROTECTING the charge rather than 
the heating equipment, this new 
strument may be set to cut-out a fe 
degrees above normal operating temper gr 
ture. A separate thermocouple in_ thi ~ 
ye 
a 
tu 
re: 
of 
tri 
the 
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heating chamber actuates the cut-out re- 
lay in the circuit which controls the 
source of heat—gas, oil or electric. Fail- 
ure of thermocouple opens the control 
circuit. Pilot light shows whether cut-out 
circuit is open or closed. Where no auto 
matic control equipment is used the de 
vice may be connected to flash a signal 
light or sound an alarm when tempera 
ture becomes excessive. 





. 
Electric Contact Gages 
The Hays Corp. 

IMPACT electric contact gages for 
draft, pressure and differential 
draft or pressure in ranges between 
0.1 and 100” water and employing the 
Hays dry type actuating 
unit, are offered for either 
high or low contact serv- 
ice or for both, equipped 
with closed mer- 
cury switches or 
open contacts. 
Cast aluminum 
case accommo 
dates either one 
or two single or 
double contact 
units or a single 
or double con- 
tact unit and a 
second unit 
which indicates 
pressure or 
draft on a 8” 
scale. For differ 
ential draft or pres 
sure the case is made 
air-tight. Principal 
service: applications 
where it is desired to sound an alarm or 
light a bull’s-eye at predetermined high 
or low points. Also, in conjunction with 
intermediate devices, to open and close 
dampers, start and stop fan or vibrator 

motors, ete. 


New Cathode Ray Tubes 
Hygrade Sylvania Corp. 


N electrical and industrial work new 

cathode ray tubes are finding impor 

tant niches, particularly for oscillo- 
graph or wave form studies. “Our re 
search and engineering activities have 
been mainly along the line of producing 
a satisfactory vacuum type cathode ray 
tube,” states O. H. Biggs, who heads the 
research activities of the Salem Division 
of the Hygrade Sylvania Corp., “in con 
trast to the usual gaseous type. While 
the vacuum type tube is more difficult to 







“HAYS =! 
‘ame | 





make and also requires higher operating 
voltages, it has greater stability and 
longer life. New refinements are prin 
cipally in the form of extra control elec 
trodes for focusing the beam at the point 
of impact on the fluorescent screen. [This 
feature such critical ap 
plications as television reception.] We 
have developed our latest tubes along the 
line of good optical practice. Knowing 
what lenses are required to intercept, 
concentrate, modulate and then impinge 
a beam of light to a point focus on a 
screen, such as in motion picture projec 
tion, we have virtually duplicated the 
optical system in electrical terms. Our 
electrical lenses are static and magnetic 
fields whereby we control the cathode ray 
beam as though it were a light beam.” 


is essential in 





Recorders with New Design 


Features 


The Brown Instrument Co. 
|. Recording Thermometers 
UTWARD appearance remains 
unchanged except for a chromium 
plated combination door handle 
and lock. New die-cast aluminum ease is 
“universal”—flush or front-of-board, and 
with bottom or back connections inter 
changeable. Greater accuracy is said to 
be attained through (1) new form of 
helix which can unwind without causing 
side pull on shaft, free end being con 
nected to shaft by flexible metallic strip, 
eliminating “tapping error” and increas 
ing ultimate sensitivity; (2) more power 
ful helices, increasing pen torque; (3) 
micrometer calibrating screw for 
final adjustment; (4) charts printed from 
wax engravings under controlled humidity 
and temperature conditions, said to have 
no “chart error’ and to have longest pen 
travel of any charts of corresponding 
diameters. Better suitability for severe 
service is claimed by reason of factors 
making for ruggedness: (1) helices heat 
treated against fatigue fat end of a test 
consisting of 100,000 full-seale deflections 
at rate of 37 cycles per minute, there was 
no change of calibration and no sign of 
approaching failure]; (2) helix, pen arm 
and link are simple, without delicate ad 
justments and built to withstand 100%; 
overload; (3) improved case, gasket, cam 
action handle, large hinge with stainless 
steel pin, ete. 
Among other new 
maker’s special technical report to this 
department are: (1) Thermal systems re 
movable from instrument, spares can be 
stocked and installed without time loss, 
range can be changed or instrument con 
verted to 2-pen or 3-pen in the field 


close 


features stressed in 





JEWELS 


TRENTON, N. J. 
Home Office and Factory 
Trenton, N. J. 





for mechanical purposes 
Diamonds, Rubies, Sapphires, Agates 


JEWEL BEARINGS for INSTRUMENTS 


Meter Jewels and Pivots 
Complete assemblies made to meet any requirements 
Diamond and Diamond Pointed Tools 
for Every Purpose 


Sapphire Wire Drawing Dies, Contacts, Nozzles, etc. 


AURELE M. GATTI, Inc. 


America’s Largest Jewel Manufacturers 
“Six Generations of Experience” 


Branch Factory 
Guayama, Puerto Rico 


standard at no 


(2) Electric clock now 

extra cost; chart drive switch, also stand 
ard, is accessibl vet under lock and key 
(3) Quickly replaceable fountain pen 
(4) Chart knob elimination saves time 
when changing charts; with new device, 
records cannot be faked by holding pet 
il desired temper iture ind spinnin 
chart by hand. (5) Mercury-expansion 
thermal systems now available fin addi 


tion to gas, liquid and vapor-pressure 


are compensated for head error; tube 


coefficient is said to be negligibly small 
available 
charts) 
of tub 


SSOries 


These new instruments are 
in 10” and 14” cases (8” and LO 
with a fully complete ling 
bulbs, fittings and aces 


now 


Ings, 


2. Special Recording Thermometers 


ORTABLE models are announced 
with above-mentioned features, in 
10” case, with any desired thermal 


system and bulb fittings, or self-con 
tained. Remoy ible handle ure 
said to be an exclusive feature 

For dairies there are announced 10 
ind 14” white enameled 
with sanitary fittings and wit 
special charts for pasteurizers 


legs and 


case Tre corde rs 


special 


3. Pressure and Vacuum Recorders 

N addition to new features correspond 

ing to those of 

eters, L new type of pressure eleme nt 
is announced, consisting of a one-piece 
formed metal bellows bal 
. helical steel spring held 
down in the center of the 
designed for 


recording thermom 


hydraulically 
inced against 
in a cup sef 
This 
pressures between 10 and 200 Ibs./in 
provides ample pen 
times that obtainable with a helical pre 
SO that 


occurs. the pen 


bellows movement, 


torque (15 to 25 


when a change ot 
to it 
positivenc that 
incredible Rapid pressure 
fluctuations, however, will not cause in 
proved pen to spill ink, it 1 iid 


sure spring) 
pressure moves 
new position “with a 


seers 


4. Liquid Level, Etc. 


HE above-described instrument 


with various appropriate primary 
elements, are made up for recording 
liquid levels, positions, ete Numerou 
stvles of charts are available 
5. Recording Hygrometer 
IMILAR in some other re pect to 
the recording thermometer ce 


scribed above, this new instrument 
employs for its primary element a num 
ber of strands of human hair in 
ated metal guard. ‘I'w 
available, the second pen recording tem 
perature. Standard 8” chart is graduated 


0 to 100% relative humidity 


1 yy rtor 


o-pen model ire 





manufacture 


Electrical 
CAMBRIDGE, 











Wattmeters 


FOR USE ON LOW POWER 
FACTOR CIRCUITS 
Dynamometers , Milliammeters 
and Voltmeters. 
Ultra 
Meters for both AC and DC, 


and Fluxmeters, etc. 


RAWSON 
Instrument Co. 
MASSACHUSETTS 


Branch 
91 Seventh Ave., New York City 


Representative: E. N. Webber, Daily News Building, Chicago, Ill. 


We also 


Sensitive 
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INSTRUMENTS 
ABSTRACTS 


MEASUREMENT & CONTROL (2) 
Flow & Volume (2.05) 


Gas and Water Meters and Their Influence on the Piping 
System. (Die Gas- und Wassermesser und ihr Eimfiuss auf 


le Rohrnetzverluste.) Das Gas- und Wasserfach, Vol. 75, Feb. 20, 





Describe method used for testing gas and water meters 
eV 1 eal Tests are made on the materials and thei! 
usefulne n the future with respect to operation and main- 
tenance cost in their respective gas and water systems. 


MAB (2.05) 
Devices to Prevent Pipe Failures. (Rohrbruchsicherungen.) 


Ge. 2 ERS. Gas Wasserfach, Vol. 74, Aug. 1, Aen pages 724-731. 
Automati« ind semi-automatic protecti devices, their 

principle ind applications. Choice of ‘shut-off fittings 

Switches dependent on velocity of flow. Tilting manometers. 


Flow-meters with maximum contact. Differential flow- 
meters. Automatic safety pressure switches. Manometer with 
minimum contact. 12 figs EF (2.05) 

Periodical Checking of Gas Meters. (Perlodischer Nach- 
schau der Gasgeraete.) R. Nurestinc. Gas & Wasserfach, Vol. 74, 
Nov. 7, 1931, pages 1038-1039 

Author urges it EF (2.05) 

The VDI-Rules for Flow Measurement with Standardized 
Nozzles and Plate Orifices. (Die VDI-regelin fuer die Durch- 
flussmessung mit cenormten Duesen und Blenden.) K. BuNtE 


& L. Zipperer. Gas & Wasserfach, Vol. 74, March 14, 1931, pages 
0-254 
The writers cover the following: I. Theoretical principles 
II. Description of the V.D.1. standardized nozzles and thin- 
plate orifices Ill. Quantities passing, permissible devia 
tions and corrections. 7 figs EF (2.05) 


The New Gas Meter of Brand!-Marischka,. (Der neue Gross- 
gasmesser System Brand!l-Marischka.) [ranpi-MariscuKa, Gas-& 
Wasserfach, Vol. 74, Jan. 17, 1931, pages 67-68. 

Controversy between the inventors and the Pittsburgh 
Equitable Meter Company on the instrument. EF (2.05) 

The Gas Meter of the E. Eickhoff Company, Wuppertal. 
(Die Gasmessmaschine der Firma E. Eickhoff, Wuppertal.) 
E. Erckuorr. Gas & Wasserfach, Vol. 74, July 18, 1931, pages 686-687. 

Supplementary remark to the paper of Weymann ab- 


stracted above Presents authentical data disclosing the 
possibility of holding the error limit within + 1% in con- 
trast with Weymann’'s statements. EF (2.05) 


Modern Gas Distribution and Gas Meters. (Moderne Gas- 
verteilung und Gasmessung.) L. Nirssen & B. Lupwic. Gas & 
Wasserfach. Vol. 74, Aug. 15, 1931, pages 776-777 

Controversy precipitated by a previous article of Ludwig 
(Gas & Weasserfach, Vol. 73, Dee. 20, 1930, pages 1201-1207.) 
ary gas meters and 7 over ordinary gas meters. EF (2.05) 

The Gas Meter of the EF. Eickhof® Company, Wuppertal. 
(Die Gasmessmaschine der Firma E. Eickhoff, Wuppertal.) 
O. Weymann. Gas & Wasserfach, Vol. 74, May 9, 1931, pages 431-432. 

Measurements sponsored by the Physikalisch-Technische 
Reichsanstalt, Berlin, on the Eickhoff gas meter which is 


intended for the measurement of large gas quantities 
(2000 m per hour, 2000 r.p.m.) 5 advantages over station- 
iry gas meters and 7 over ordinary gas meters KEI (2.05) 


Reynolds’ Number for Orifice Metering—Approximate For- 
mula, (Reynolds’sche Zahl fuer Blendenmessung, Naeher- 
ungsformel.) L. Zipprrer. Gas & Wasserfach, Vol. 74, Nov. 28, 1931, 
page 1101 

Derives approx. formula EF (2.05) 





Temperature (2.06) 


Temperature Measurement of Air and Water on the Ocean 
and its Significance, (Temperaturmessung von Luft und 
W asser auf Dem Ozean und ihre Auswertung.) J. MoELLeR. 

te Messtechnik, Vol. 8, April 1932, pages 78-81. 

The meteorological measurements made on the surveying 
ship “Carnegie” are described, in particular those of air 
temperature. It was noticed that the latter when measured 
on a ship in summer time or in the tropics, are usually too 
high. Precautions have to be taken to avoid errors due to 
local overheating of and radiation onto instruments. The 
water of the ocean exerts an enormous influence on the 
atmosphere Ha (2.06) 


The Regulation of Temperature in Vulcanizers. (Ueber 
die Regelung des Temperaturverlaufs in Vulkanisierkessein.) 
C. HimMver. Stemens-Zeitschrift, Vol. 12, March 1932, pages 97-102. 

Temperature control in the rubber discussed and resist- 
ance thermometry described; temperature charts are re- 
produced. Ha (2.06) 

A New Micro Furnace for Temperatures Higher than 
1000°C, (Ueber einen Micro-Ofen fuer Temperaturen ober- 
halb 1000°C.) H. S. Ronerts & G. W. Morey. Zeitschrift fuer Instru- 
mentenkunde, Vol. 51, July 1931, pages 385-386. 

Mainly consists of a [] shaped Pt-Po strip 0.01 mm. 
thick. Features are low thermal inertia and quick rate of 
cooling. The melting temperature is determined by optical 
pyrometry EF (2.06) 

Porosity of Ceramic Pyrometer Tubes in Relation to Tem- 
perature. (Die Gasdurchlaessigkeit von keramischen Pyro- 
meterrohren in Abhaengigkeit von der Temperatur.) IMM KE. 
onindustrie Zeitung, Vol. 55, Feb. 21, 1931, page 149. 

The permeability for gas is given at 20°, 1000° and 1500°C 
for pyrometer tubes of 6 different materials. EF (2.06) 
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Page 20 — Vol. 


Universal Calibration and Testing Apparatus for Ther 
mometers with Electric Heating and Stirring Device. (Un! 
versal-Justier- und Pruefungs-sowie Alterungsapparat fue 
Thermometer mit elektrische Heizung und elektrische 
— Glas & Apparat, Vol. 12, Feb. 22, 1931, pag 

latinas equipment for measuring technique. Manufa 
turer: Gotthold Koechert & Sons. EF (2.0 

Pyrometers Placed upon the Surface of Solid Bodie» 
(Anlegepyrometer.) W. CrLaus & R. Haste. Zeitschrift fuer Met 
kunde, Vol. 23, April 1931, pages 120-123. 

Necessity of temperature measurements on surfaces 
solid bodies. Theoretical conclusions, Necessary instrument 

EF (2 


Nickel-Iron Alloys in Temperature Control, Nickel Bullet 
Vol. 5, May 1932, pages 105-106. 

Thermostatic switch se yo by a bi-metallic strip, « 
element a Ni-Fe alloy with 36% Ni which has a practica 
negli gible coefficient of the rmal expansion up to about 20 
Cc. A few thermostats are described. Ha (2.0 

Temperature Measurements on Electrodes in Motion. VI 
(Temperaturmessungen an arbeitenden Elektroden.) B. Bruz 
Zeitschrift fuer physikalische Chemie, Section A, Vol. 156, Oct. 19 
pages 279-290. 

A dynamic calorimeter with a temperature sensitivity 
1.8x10°6 degree/mm and a Peltier thermal sensitivity 
4.5x10-7 watt/cm?: mm is described. EF (2.0 

Temperature Measurements on Electrodes in Motion. \ 
(Temperaturmessungen an arbeitenden Elektroden V.) | 
Bruzs. Zeitschrift fuer physikalische Chemie, Section A, Vol. 155, A 
1931, pages 392-402. 

Theoretically proves the Peltier effect to be identical wit 
the latent heat of the electrode process, presumably t} 
electrodes are reversible. EF (2.0 

A New Thermo-Regulator for Adiabatic Calorimeters. (Ein 
neuer Thermo-regulator fuer den Betrieb von adiabatischen 
Kalorimetern.) H. Rrecue & R. Grav. Zeitschrift fuer technisc) 
Physik, Vol. 12, May 1931, pages 284-286. 

A thermo-regulator was designed for adiabatic 
meters used in the fields of inorganic chemistry and hig} 
frequency calorimetry. Suitable for research work wit! 
exothermic or endothermic effects. EF (2.0 

The Experimental Foundation of the International Tem- 
perature Scale in the Range of Low Temperatures. (Die 
Experimentetle Grundlagen der internationalen Tempera 
turskala im Bereich tiefer Temperaturen.) W. H. Keres 
Zeitschrift fuer die gesamte Kaelte-Industric, Vol. 38, Feb. 1931, page 


calor 


20-31. 
The well-known author critically discusses a previo 
paper by F. Henning abstracted above. EF (2.06) 


Heat and Combustion (2.07) 

Thermal Conductivity of Crystalline Boiler Incrustations, 
(Waermeleitfaehigkeit von kristallinen Kesselsteinen.) | 
ZaRnNiTz. Die Waerme, Vol. 54, Oct. 10, 1931, pages 756-761. 

The author designed, for this doctor’s thesis, an equi} 
ment for testing the heat conductivity of crystalline boil 
incrustations. By use of this apparatus he found that thr 
thermal conductivity depends solely on the kind of crysta 
line structure and not on the density of the incrustatior 
(—Raumgewicht) as is the case with amorphous incrusta 
tions. EF ((2.07) 

Development of the Calorific Value Determination of Solid 
Fuels. (Zur Entwicklung der Heizwertbestimmung fester 
Brennstoffe.) K. v’Hvart. Die Waerme, Vol. 53, April 26, 19 
pages 313-317. 

The author reviews historically the calculation method or 
one hand and the calorimetric determination on the other 
hand with respect to developments in Germany. He als 
points out the correlation of the calorific value to the 
amount of air required for the combustion and critical] 
considers French publications, 24 references. EF (2.07) 





Flue Gas Testing. (Rauchgaspriifung.) H. D. Brascu. / 
Waerme, Vol. 54, Jan. 17, 1931, pages 57-59. 

While flue gas tester based on physical principles may 
lead to false conclusions, a decided lack of chemical flu 
gas testers, which are rather insensitive to the large flu 
tuations of plant conditions, was felt up to the present 
These difficulties are largely overcome by the recent Duplé 
Mono which is fully described and illustrated. EF (2.0 

Graphical Testing of the Combustion Process. (Graphische 
Bestimmung des Verbrennungsvorganges.) A. Nacuoczky. ! 
Waerme, Vol. 54, March 28, 1931, pages 231-235; Vol. 54, April 
1931, pages 250-254. 

A new method is given which yields the Ostwald Wi: 
Gas Diagram without calculation and knowledge of the fur 
composition. The influence of the incidentally present H 
and CH, is discussed with respect to the adaptability 
the diagram EF (2.0 

Automatic Combustion Control Systems for Wire Furnaces. 
Part If. F. Ascuner & H. Mayer-Witten. Wire & Wire Produ 
Vol. 6, Sept. 1931, pages 363-365 

The importance of automatic furnace control, particular] 
in the manufacture of wire, is pointed out. Economy of t} 
process and quality of the product depends largely on tl 
furnaces This installment describes temperature contr 
and pressure control apparatus used in German install: 
tions. See Instruments, Vol. 5, Mar. 1932, page A15. Ha (2.07) 

A Simple and Safe Method of Indicating the Melting Prop 
erties of Coal Ash, (Fine einfache und sichere Methode zur 
Kennzeichnung des Schmelzverhaltens von Kohlenaschen 
M. Dotcu. Die Waerme, Vol. 54, April 4, 1931, pages 255-257. 

The deficiencies of the Burgess Apparatus for ash me 
ing point determinations are pointed out and modificatio! 
on the equipment are made. A minute sample of the ash 
placed on the flattened hot junction of a platinum/platinur 
rhodium thermo-element which is gradually heated by 
are to the melting temperature of the ash. The melting 
observed under a microscope. Experimental results a 
given. EF (2.( 

(Continued on Page A‘ 
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INSTRUMENTS INDEX 


Of instruments and devices for measurement, inspection 


If you are unable to find what you requ 


INSTRUMENTS—write 
Company. Give 


or control 


Section, 
complete information 


Information 


sme cee. dine 
Instrument blishir 





AIR METERS 
American Meter Co. 
Bailey Meter Co 
Bristol Co. 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Faxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
ALTIMETERS 
General Electric Co 
Taylor Instrument Cos. 
ALTITUDE BAROMETER 
Taylor Instrument Cos. 
AMMETERS—Indicating 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst., 
Reeording 
Rristol Company 
Brown Instrument Co. 
Esterline-Angus Co 
General Electric Co 
Pioneer Instrument Co. 
Roller-Smith Co 
ANEMOMETERS 
Rristol Company 
Esterline-Angus (0 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientifie Corp 
ATTENUATION NET- 
WORKS 


Corp. 


yeneral Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 
BALANCES 
Roller-Smith Co 
BALANCING MACHINES 
Raldwin-Southwark Corp 
yeneral Electric Co. 
BAROMETERS—Aneroid, 
Mercurial, Recording 
Rristo] Company 
Gaertner Scientific Corp 
Taylor Instrument Cos 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst., Corp. 
BEARING TESTERS 
Burgess Labs., Inc., C. F 
BOARDS: INSTRUMENT 
Railey Meter Co 
Bristol Co. 
Brown Instrument Co 
Foxhoro Co 
BOILER METERS 
American Meter Co 
Bailey Meter Co 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES. ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
General Electric Co. 
Reneral Radio Co. 
Roller-Smith Co 
CABLE TESTERS 
Rawson Elee. Inst. Co 
Roller-Smith Co. 
CALORIMETERS 
American Meter Co 
Gaertner Sclentific Co 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co, 
Roller-Smith Co 
Weston Elec. Inst. Corp 
CARBON DIOXIDE 
METERS 
Rrown Instrument Co. 
Forhoro Co. 
CATHETOMETERS 
Gaertner Scientific Corp 
CHLORINE GAS FLOW 
INDICATORS 
Morey & Jones, Ltd. 
CHRONOGRAPHS AND 
CHRONOMETERS 
Fsterline- Angus Co 
Gaertner Scientific Corp. 
General Flectric Co 
General Radio Co. 
CLINOMETERS 
Raldwin-Southwark Corp 
CLOCKS—Gage Board 
Rrown Instrument Co. 
Rristot Company 
Defender Autom’e Reg. Co. 
Esterline-Angus Co. 
Foxboro Co 
Pioneer Instrument Co. 
coILs 
Resistance, Inductance, 
Speeial 
ll Flectrie Co. 
General Radio Co. 
Roller-Smith Co. 







COIL TESTING EQUIP- 
MENTS 


te Electrie Co 
oller-Smith Co 
COLORIMETERS 
General Electric Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd. 
Pioneer Instrument Co 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Esterline-Angus Co 
yeneral Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co 
COMPASSES 
Pioneer Instrument Co 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General EF sy 5 Co. 
General Radio 
CONDUCTIVITY. ‘METERS 
Indicating, Recording, 
Controlling 
Esterline-Angus Co 
Rawson Elec. Inst. Co 
Roller-Smith ¢ 
CONTOUR MEASURING 
PROJECTOR 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd 
Condensation 
Bristol Company 
Taylor Instrument Cos 
Damper 
Bristol] Company 
Rrown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co. 
Morey & Jones. Ltd 
Pioneer Instrument Co 
Taylor Instrument (os 
Feed Water 
American Meter ¢ 
Railey Meter Co 
Rristol Co 
trown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Flow 
American Meter Co 
talley Meter Co 
Rrown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Humidity 
Bristol Company 
Rrown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Rrown Tnstrument Co 
Foxboro Co 
Taylor Instrument Cos 
Liquid Level 
American Meter Co 
Railey Meter Co 
Bristol Company 
Rrown Instrument Co 
Foxhoro Co 
Pioneer Instrument Co 
Materials Testing. 
Raldwin-Southwark Corp 
Pressure & Vaeuum 
American Meter Co 
Railey Meter Co 
Bristol Company 
Rrown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
Pyrometer 
Railey Meter Co. 
Bristol Company 
Rrown Instrument Co 
Defender Autom’c Reg. ( 
Foxboro Co 
Taylor Instrument Cos 
Rate- Volume 
American Meter Co 
Foxboro Co 
Refrigeration 
Bristol] Company 
Brown Instrument Co 
Tavilor Tnstrument Cos 
Specific Gravity 
Batley Meter Co 
Tachometer 
Railey Meter Co 
Bristol Company 
Rrown Instrument Co 
Foaxhoro Co 
Pioneer Instrument Co 
Weston Elec. Inst. Corp 


Temperature-Time 
Bristol Company 
Brown Instrument Cx 
Foxboro Co 
Pioneer Instrument ¢ 
Taylor Instrument Cos 

Thermometer 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 

Thermostat 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Pioneer Instrument ¢ 
Taylor Instrument Cos 

Time 
Bristol Company 
Brown Instrument Co 
Foxboro (< 
Taylor Instrument Cos 

Vacuum 
sailey Meter Co 
Bristol Company 
Brown Instrument Cx 
Foxboro ¢ 
Taylor Instrument Cos 

Valve—Motor Operated 
Bristol Company 
- per Instrument Co 


Fy xbore Co 

Taylor Instrument Cos 
Voltage A.C. 
Water Level 

American Meter C¢ 


Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
xhboro €%¢ 
Pionest Inst iment Co 
Taylor Instrument Cos 
COUNTERS—Magnetic 
Esterline-Angus ¢ 
Revolution 
taldwin-Southwark Cory 
Bristol Company 
Brown Instrument (« 


Pioneer Instrument ¢ 
Stroke 
taldwin-Southwark Corp 


Bristol Company 
CREEP TESTER 
Raldwin-Southwark Cory 
CUBIC FOOT BOTTLES 
American Meter Cc 
CURRENT REC ORDERS 
sristol Company 
General Electric Co 
Ksterline-Angus Co 
Roller-Smith Co 
CYCLE CONTROLLERS 
Bristol Co 
CYCLE COUNTERS 
General Radio Co 
CYCLOMETERS 
DAMPING TESTER 
3aldwin-Southwark Corp 
DEFORMETER (Beggs) 
Baldwin-Southwark Cory 
DEMAND METERS 
Gas 


Foxboro Co 
Electric: Indicating, Re- 
cording, Printing 
General Electric ( 
DIVIDING HEAD 
Optical 
DIVIDING MACHINES 
Gaertner Scientific Corp 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METERS 
Rawson Elec. Tnst. Co 
Roller-Smith 
ELECTRIC TELEMETERS 


—See Remote Metering 
Equipment 
oCCt Levies = FILTER 
SECTIO 
General edie Company 
ELECTROMETERS 
ELECTRONIC METERS 
Esterline-Ang Co 


General Electric Cc 
General Radio Co 
Rawson Elec. Inst. Co 
ENGINE INDICATORS 
sSaldwin-Southwark Corp 
ENGINE REVOLUTION 
COUNTERS 
EXTENSOMETER 
Baldwin-Southwark Corp 
FATIGUE TESTERS 
s3aldwin-Southwark Corp 
FAULT FINDERS 
Rr Smith ¢ 
Wests on Elec. Inst. Corp 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos 


FLOW METERS 
Indicating 
Bailey Meter Co 
Brown Instrument Co 
Defender Aut m’c Reg. ( 
Morey & Jones a 
meer Instru 
Indicating & leserdinn 
American N 
Bailey Meter Co 
Brown Instrument Cx 
Foxboro ¢ 


eter ¢ 


neer Instrun 
Integrating & Recording 

American Me 

Morey & Jones Lid 
FLUE GAS ANALYZERS 

Brown Instrument (Co 
FLUXMETERS 

Rawson Elec. Inst. C 
FREQUENCY METERS 
Indicating 

General Electric Ce 
K S ( 

Weston Elec. Inst. Cory 
Recording 

Bristol Company 

Esterline-Angus Co 

General Electric ¢ 
Standards 

General Radio Co 
FURNACE CONTROLS 

Bailey Meter Co 
sristol Company 


Defender Antom'’c Reg. Co 


Taylor Instrument Cos 





GAGES 
Absolute Pressure 
American Meter ¢ 
sristol Company 
Brown Instrument Co 
wxboro Co 
Taylor Instrument Cos 
Amplifying 
Comparator 
Cylinder 
Deformation 
Baldwin- Southwark Cory 
Dial 


Differential Pressure 
Bailey Meter Co 


Brown Instrument C 
xborea ¢ 
Morey & Jones, Ltd 
Pioneer lr nt ¢ 
Draft 


Taylor Instrument Cos 
Bailey Meter Co 
Bristol Company 


Brown Instrument ¢ 

Foxboro ¢ 

Taylor Instrument (« 
Drill 

Bausch & Lomb Optical ¢ 
Filter Rate 


Morey & Jones, Ltd 
Flow 

Ame in Meté 

tailey Meter Co 

grown Instrument Co 

Morey & Jones, Ltd 
Liquid Level 





American Meter ¢ 
Bailey Meter Co 
Bristol Company 
Esterline Angus Co 
Foxboro 


Morey & to nes, Ltd 
Pioneer Instrument ¢ 
Taylor Instrument Cos 

Pitch Diameter 

Pressure 
American Meter ¢ 
tailey Meter Co 
saldwin Southwark Corp 
tristel Company 
Brown Instrument Ce 
Esterline-Angus C¢ 
Foxboro Co 
Taylor Instrument Co 

Pressure- Temperature 
talley Meter Co 
Bristol Company 
Brown Instrment Co 
Esterline-Ang Co 
Foxboro Co 
Taylor Instrument ¢ 

Pressure & Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Esterline ngus (< 
Foxboro Co 
Taylor Instrument (Cos 

Profile 

Rain 
Msterline-Angus Co 
Taylor Instrument Cos 

Recording—Distance 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 


Faterline-Angus Co 

*ioneer Instrument ¢ 

Taylor Instrument Cos 
Strain 

Raldwin-Southwark Corp 

General Electric ( 
Tester 

Baldwin-Southwark Corp 
Thickness 

Esterline-Angus Co 
Vacuum 

Esterline-Angus Co 


General Electric 
Taylor Instrument Cos 
Volume 
American Meter ( 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol Company 
srown Instrument Co 
Esterline-Angus Co 


GALVANOMETERS 
\ can Meter ¢ 





t In 
GAS ANALYTIC AL 
METERS 
—— 
1 nt ¢ 


GAS FLOW INDIC ‘ATORS 


Mt rey & Jones Ltd 
GAS LEAK INDICATORS 


Taylor Instrument ¢ 
GAS-METERS 

\ in Meter ¢ 

Railey Meter Co 

hr wn In trument C¢ 

Fr ( 
Dry tar 

\ in Met ( 
Wet Test 

Ar in Meter ¢ 


GOVERNORS 
Pressure 
Bal ley Met er Co 


mpany 
! \ tt rument ¢ 
lay Instrument ¢ 
Pump 
nr vy Meter ¢ 
Taylor Instrument ¢ 


Water Wheel 
Raldwin-Southwark Cory 
GRAVITOMETERS 
American Meter ¢ 
a ter DETECTORS 
Weste n Ble Ir 
HAND TALLEYS 
HARDNESS TESTERS 
Raldwin-S 
HELIOSTATS 
Gaertner Sclentifle Corp 
HIGH FREQUENCY 
APPARATUS 
Rawson Elee. Inst. Co 


Corp 


thwark Corp 


Weston Elec. Inst. Corp 
HIGH VOLTAGE 
indicators 

K h¢ 

Weston Ele Inst. Corp 
Measuring Devices 

General F] 


trie ¢ 
R s ( 
Weston Elec. Inst. Corp 
Testing Devices 
General Electrie ¢ 


HUB ODOMETERS 
HUMIDITY CON 
TROLLERS 
Bristol Company 
Brown Tr strume nt 
Ne 0rd 
r Instriiment Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Thermometers 
Rriet 


1 Company 
Rre wn Instrument Co 
Foxboro Co 

Taylor Instrument Cos 


HYDROGEN ION METERS 
HYDROMETERS 
Taylor Instrument Cos 
HYGROMETERS 
Rrown Instrument Co 
“ rhoro ¢ 
ivlor Tnatreme ( 
i CUMINOMETERS 
EK Ir 0 
INDICATORS— See nets 
'INNUCTANCES 
General Radio Co 
INSTRUMENT CALIBRA 
TION AND REPAIRS 
Fe shiny Angus C 
Rawson Elee Inet. ( 
Rr th ¢ 
Weeton Fler Inet. Corn 
INSTRUMENT TRANS. 
FORMERS 
Esterline-Ang Cn 
General Electric C 
K > ( 
Weston Elec. Inst. Cory 
Snlit Core 
Rr = ( 
Phase Shifting 
INSULATION TESTING 
EQUIPMENT 
General Electrie Ce 
Roller-Sr ( 
INTERFEROMETERS 
Gaertner Sclentifie Corn 
KEYS AND SWITC HES 
General Radio € 


LABORATORY RHEO 
STATS 


LACTOMETERS 

Taylor Instrument C 
LEVELS 
Centering 
Engineer's, Wye, Preeision 
Prism 


Taylor Instrument Cos 


ee ee abd AYS 


MAGNETOMETERS 
MANOMETERS 
Ralley Meter Co 
Bristol Co 
Rrown Instrument Co 
Defender Autom’c Reg. Co 
Foxhora Co 
Morey & Jones. Ltd 
MASTER CLOCKS 
Gaertner Scientifie Corp 
General Electric Co 


MEASURING — HINES 
(saertner S t 


MEGOHMME Te RS 


MEGOHM VOLTMETERS 


West nk lust. Cory 
MICROAMMETERS 

I line ngus ¢ 

General Electric ¢ 

General Radio Co 


Rawson Elec 


We » bles Cor 
aa no? ARADME TE RS 
al Kha ( 

‘ I Ir Cort 
mic ROME TE RS” 


{ 

MICROME rE R SL DES 

Gaertner Scienti 
MICROSC OP ES 
ag el 
Mer asuring 

Gaertner Seler ( 
Metallographic 
Petrographical 
Toolmakers’ 

Gaertner Scier ct 
MICROTOMES 
MILLIAMMETERS 


Bristol Cempany 

I riin Ang 

General Electric ¢ 
General Radie Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst rl 
MILLIVOLTMETERS 

t Company 

+ own Instrument ¢ 
Ciene } rle ¢ 
Eesterline-Ang Co 
Rawson Elec. Inst. ¢ 

K ( 

Taylor Instrument ¢ 
Weston Klee. Inst. Cory 


MIRRORS 
MODULATION METERS 





\ n Elec t r 
er were RS 
Gene 
MOTION RECORDERS 
Mechanical 


Raldwin-Southwark Cory 
Bristol Company 
Angus (<¢ 


MOTOR STARTERS 


K ( 
MULTIMETERS 
Raw n Klee nst. Ce 
MULTIPLE PEN 
RECORDERS 
Raldwin-Southwark Corr 
tristol Co 
Esterline-Angus Co 
Foxboro (¢ 
MULTIPLIERS 
General Electrie Co 
Weston Elec. Inst. Corp 
NICKEL SOLUTION 
TESTERS 
NOISE MEASURING 
SETS 


Burgess Lab Ine C.F 
General Radio ¢ 

OHM METERS 
Esterline-Angus Co 
General } tric ¢ 
Rawson Elec. Inst. Co 
t ( 


0 


Weston F Inst. Corp 

OIL TESTING 
APPARATUS 

General Eleetric ¢ 

Tavilor Instrument Cos 
OPERATION RECORDERS 

K ( 
Electrical 

Rristol Company 


Taylor Ir triiment Cos 
OPTICAL PARTS 
Lenses. Prisms, Test Planes 

Gaertner Selentifie Corr 
ORIFICE METERS 
indicating & Recording 

Ay Meter ¢ 


vent Co 
Defender Autom'’c Reg Co 
Forhoros Co 
Morey & Jon Ltd 
Irteqrating 


Ar can Meter (Ce 
ORIFICES ADJUSTABLE 
n Meter ¢ 
| Met C 


OSCILLATORS 

Weston Elec. Inst. Corp 
OSCILLOGRAPHS 

Raldwin-Southwark Corp 

General Electrie Co 

General Radio Co 
Automstts 

eneral Electric ¢ 

Cetheds Ray 

General Flectrie Cec 
PANTOGRAPHS 

Gaertner Selentifie Corp 
PERISCOPES 

Caertner Sclentific Coro 
PERMEAMETERS 

General Electric C 
PHOTO- ELECTRIC CELLS 

General Electri 

Weston Elec Sraat “Corp 
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PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Cc 

PHOTO-ELECTRIC 

COLOR COMPARA- 
TORS 
General Electric Co 

PHOTOMETERS 
Gaertner Scientific Corp 

PHOTO-MICROGRAPHIC 

EQUIPMENT 
Rawson Elec. Instru. Co 

PITOT TUBE METERS 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument ( 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co 
Foxboro Co. 

Linear 
Brown Instrument Co 
Baldwin-Southwark Co 

Radial ie 
Balley Meter Co 
Bristol Company 
Foxboro Co 

Square Root 
Foxhoro Co 

POLARISCOPES 
Gaertner Scientific Corp 

POSITION RECORDERS 
Brown Instrument Co 
Bristol Company 
Esterline-Angus Co 
Foxboro Co 
Taylor Instrument Cos 

POTENTIOMETERS— 

Indicating 
Brown Instrument Co 
General Electric Co 

Recording & Controlling 
Brown Instrument Co 

Standard Cell | Comparing 

Feussner Ty 

POWER FACTOR METERS 
Esterline-Angus Co 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 

PRESSURE RECORDERS 
American Meter Co 
Bailey Meter Co 
Baldwin-Southwark C orp 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 

ne-Angus Co 


Taylor Instri ‘ 
PRISMS rument Cos 
Gaertner Scientific ¢ ‘orp 
PROCESS TIMING & 
SIGNALING IN- 
STRUMENTS 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Co 
Foxboro Co 
Taylor Instrument Cos 
PROTRACTOR 
Optical 
PROVERS 
American Meter C 
PSYCHROMETERS. 
Recording 
Bristol C ompany 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
Sling 
Taylor Instrument Cos 


PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optieal 
Radiation 
Indicating 
Brown Instrument Co 
Taylor Instrument Cos 
Reeording 
Brown Instrument Co 
Taylor Instrument Cos 


Thermo-electrie 
immersion 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Roller-Smith (¢ 
Taylor Instrument 
Indicating 
Bristol Company 
Brown Instrument Co 
Defender Autom ec Reg. Co 
Foxbore Cx 
Taylo Instr: iment Cos 
Recording and Controlling 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 

RADIO FREQUENCY 

OSCILLATORS 


General Radio Company 


Cos 


TACHOMETERS 
Balley Meter Co 
Bristol Company 
srown Instrument Co 
Esterline-Angus Co 
Foxboro Co. 


RADIO SET ANALYZERS 
Weston Elec. Inst. Corp 

RADIO TEST PANEL 
Weston Elec. Inst. Corp 

RADIO TUBE CHECKERS 


General Radio Company 


Weston Elec. Inst. Corp Ae a Ce a 
REF RACTOMETERS Weston Elec. Inst. Corp 
REGULATORS—See TACHOSCOPES 

Controls Brown Instrument Co 
RELAYS TELEMETERS—See 

General Electric ¢ Remote Metering 

General Radio Co TELESCOPES 

Roller-Smith Co Gaertner Scientific Corp 

Weston Elec. Inst. Corp TENSOMETER (Huggen- 
Light Sensitive berger) 

Burgess Labs., Inc., C. F Baldwin-Southwark Corp 

Roller-Smith C TESTING MACHINES 

Weston Elec. Inst. Corp Fatigue 
Vacuum Contact Baldwin-Southwark Corp 

Burgess Labs., Inc., C. F impact 
Vacuum Tube Baldwin-Southwark Corp 

Burgess Labs., Inc.. C. F Hardness 


Baldwin-Southwark Corp 


REMOTE aaa Portable—Tensile—Com- 


EQUIPMENT 
American Meter Cc pression er . 
talley Meter Co. Baldwin-Southwark Corp 
an Sheet Metal 


Bristol Company 

Brown Instrument Co 

Esterline-Angus Co 

General Electric Co 

Morey & Jones, Ltd 

Pioneer Instrument Co 
RESISTANCE—Electrical 

se bere! Rad 0 Co 

lle nith C 

RHEOSTATS 

General Radio Company 
SACCHARIMETERS 

Taylor Instrument Cos 
SALINITY INDICATORS 

Fsterline- Angus Co 
SCALES 

Gaertner Scientific Corp 
SEISMOGRAPHS 
SHUNT METERS 

tristol Company 

Esterline-Angus Co 

Roller-Smith Co 
SHUNTS 

Fsterline-Angus Co 

General Flectric Co 


Baldwin-Southwark Corp 
Oil & Bearing 
Baldwin-Southwark Corp 
Universal 
Baldwin-Southwark Corp 
THERMIONIC RECTI- 
FIERS 
General Electric Co 
THERMO-JUNCTIONS 
(Electric) 
General Radio Co. 
Rawson Elec. Inst 
Roller-Smith Co 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith C 
Weston Elee. Inst 
THERMOPILES 
THERMOMETERS 
Bailey Meter Co 
Bristol Company 
trown Instrument Co 


Gas Filled 


Co 


Corp 


Rawson Elec. Inst. Co Defender Autom’c Reg. Co 
Roller-Smith C Foxboro Co. 
Weston Elec. Inst. Corp Taylor Inst. Companies 


Mechanical 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co. 
Mercurial 
Rristol Company 
Taylor Instrument Cos 
Resistance 
Rrown Instrument Co. 
Foxboro Co. 
Vapor-Tension 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co. 
Taylor Inst. Companies 
Wet & Dry Bulb 
Bristol Company 
Rrown Instrument Co 
Forhboro Co. 
Tavior Tnetrument Cos 
THERMOSTATS 


SIGNALING DEVICES— 
Automatic 
Bristol Co 
Rrown Instrument Co 
Foxbore Co 
Pioneer Instru 
SPECIAL COILS 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Rristol Company 
Rrown Instrument Co 
Esterline-Angus Co 
General Flectrie Co 
General Radio Co 
Morey & Jones, Ltd 
Pioneer Instrument Co 
Rawson Elec. Tnst. Co 
Roller-Smith Co 
Weston Elee. Tnst. Corn 
SPECIAL INSTRUMENTS 
FEsterline-Angus Co. 
Roller-Smith Co 


ment Co 


SPECTROGRAPHS Rristol Company 
Gaertner Selentifie Corp Rrown Instrument Co 
SPECTROMETERS Forhoro Co. 
Gaertner Scientific Corn Tavlor Tnstrument Cos 
SPECTROPHOTOMETERS T!ME INDICATORS | 
Gaertner Scientific Corp Baldwin-Southwark Corr 
SPECTROSCOPES TIME METERS 


yeneral Electric Co 


Gaertner Scientific Corp 
TIME OPERATION 


SPEED INDICATORS 


RECORDERS 
See Tachometers Rristol Company 
SPEED RECORDERS Esterline-Angus Co 


Foxboro Co. 
TIME RECORDERS 
Bristol] Company 
Brown Instrument Co 
Esterline-Angus Co 
Jaertner Scientific Corp 
Foxboro Co. 
TIME SWITCHES 
General Electric Co 
TIMERS 
Rawson Elec. Inst 
TIMING DEVICES 
General Electric Co 


Rristol Company 
Rrown Instrument Co 
Fsterline-Angus Co 
SPEED REGULATORS 
STANDARD CELLS 
Weston Fleer Tnst 
STOP WATCHES 
STRAIN GAGES 
Raldwin-Southwark Corp. 
General Pleefrie Co 
SUNSHINE RECORDERS 
Tavior Instrument Cos 
SURGE INDICATORS & 
RECORDERS 


Corp 


Co 


Fsterline- Angus Co. TORSIOGRAPH 
General Electric Co Baldwin-Southwark Corp 
SYNCHRONOSCOPES TOTALIZING 
INSTRUMENTS 


Weston Elec. Tnst. Corp 
Roller-Smith Co 

SYNCHRONIZATION 
FORKS 


American Meter Co 
General Electric Cx 
TOTALIZING RELAYS 


Electrical Electric 
General Radio Co. General Electric Co 
TRANSFORMATION 


SYNCHRONOUS MOTORS 
General Electric Co 
Pioneer Instrument Co 


POINT RECORDERS 
Brown Instrument Co. 





accuracy. 


and all 


po 
tor 





Portable SPEED 


Chronometric principle assures high degree ot 
Used for 


important 


HASLER-TEL ««: : 


INDICATORS 


wal 
calibrating tachometers 


! 
speed measurements. 


GHTH AVE., NEW YORK C 
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TRANSFORMERS 
(instrument) 
Esterline-Angus Co. 
General Electric ¢ 
General Rad 0 Co 


Roller-Smith C 

Weston Elec. Inst., Cory 
TRANSITS 
Astronomical 

Gaertner Scientific Corp 
Pocket 


Taylor Instrument Cos 
TUNING FORKS— 
Electrically —— 

General Elect or 

General Radio C 0 

Gaertner Scientific Corp 
TURBIDIMETERS 
U-TUBE MANOMETERS 

Bailey Meter Co 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Morey & Jones, Ltd 

Taylor Instrument Cos 
VACUUM RECORDERS 

Bailey Meter Co 

Bristol Company 

Brown Instrument Co 

Defender Autom’c Reg. Co. 
Esterline-Angus Co 

Foxboro Co 

Taylor Instrument Cos 
VACUUM TUBE BRIDGES 

General Radio Company 
VACUUM TUBE RELAYS 

Burgess Labs., Inc., C. F 
VACUUM TUBE 

VOLTMETERS 

General Electric Co 

General Radio Co 

Rawson Elec. Inst 
VALVES 

Automatic Shut-Off 

Bristol Company 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Foxboro Co. 

Taylor Instrument Cos 
Back Pressure 





Co 


Balanced 

Bailey Meter Co. 

Baldwin-Southwark Corp. 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Foxboro Co 

Taylor Instrument Cos 
Blow-off 

American Meter Co 
Diaphragm 

Bristol Company 

Defender Autom’c Reg. Co 

Foxboro Co. 

Taylor Instrument Cos 
Differential 

American Meter Co 
Electrically Operated 

Baldwin-Southwark Corp 

Bristol Company 

Brown Instrument Co 

General Electric Co 

Taylor Instrument Cos 
Motor Operated 

Raldwin-Southwark Corp 

Bristol Co. 
orem Relief 

American Meter Co 
Proportional Air-Gas 

American Meter Co 
Reducing 

Bailey Meter Co. 

Taylor Instrument Cos 
Regulating 

American Meter Co 

Bailey Meter Co, 

Bristol Co. 

Brown Instrument Co. 

Defender Autom c Reg. Co 

Foxboro Co. 

Taylor Instrument Cos. 
VENTURI METERS 

Bailey Meter Co. 

Brown Instrument Co 

Foxboro Co. 

Morey & Jones, Ltd 

Pioneer Instrument Co 
VIBROGRAPHS 

Baldwin-Southwark Corp. 
VIBROSCOPES 





VISCOSIMETERS 
Taylor Inst. Companies 

VOLTAGE DIVIDERS 
General Radio Co. 


VOLT-AMMETERS 
Esterline- Angus Co. 
ss neral El Gs Co 
Weston Elec. 

VOLTMETERS 

Electrostatic 
General Electric Co 
Rawson Elec. Inst. 

h Co 


) 
ist. Corp 


Co 

Roller-Smit 

Indicating 
General Electric Co 


General Radio Co. 
yg Elec. ar Co 
ller-Smith 
Wests mE lec. Seek Corp 
Recording 


Bristol Company 
Esterline- Angus Co. 
General Electric o. 
Roller-Smith Co 
Thermionic Rectifier 
General Radio Co. 
WATER METERS 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Morey & Jones, 
WATTHOUR METERS 
General Electric Co 
WATTMETERS 
Indicating 
General Electr.c Co 


Rawson Elec a Co 

Roller-Smith C 

Weston Elec. inst. Corp 
Recording 


Bristol Company _ 
Esterline- Angus Co. 
General Electric Co 
Roller-Smith Co 
WAVEMETERS 
General Radio Co 
X-RAY SPECTROMETERS 














American Meter C Baldwin-Southwark Corp. Gaertner Scientific Corp 
s 
What instrument do you want to buy? 
lf you do not see listed in the Advertising page or 
n the INSTRUM /ENTS INDEX he instruments and 
IeVvIC for measurement 3p ection and control 
you wish to purchase, write INSTRUMENTS. 
ABSTRACTS 
(Continued from Page 20) 
On Adiabatic Calorimetry at Elevated Temperatures, 


(ber adiabatische Calorimetrie bei héheren Temperaturen.) 


W. Kancro & R. Grav. Zeitschrift fiir physikalische Chemie, Boden 

tein Festband, 1931, pages 85-92. 

An adiabatically operating calorimeter equipment is de 
seribed and its applicability proven. It comprises a silvé 
block wound by heating coil which carries a silver ther 
mostat; 2 Pt-resistance thermometers; a mirror galvanom- 
eter; a selenium cell. EF (2.07 


13, 1931, pages 434 

Importance of 
given; ind pe) 
Diagrams of actu 


measurement is 


Carsar. Tonindustrie 


436. 


instru 
are 


recording 
asurements 


and 
ul m<¢ 


stressed; 


The Control of Waste Heat in Kilns, (1 eber die Konstrolle 
der Ofenabhitze.) G. 


Zeitung, Vol. 55, Apr 
performance 

discusses 
EF (2.07 


are 


ments 
included. 


Why Is Absolute Sere Unattainable?  eedaags: pe ist der abso- 


lute ee unerreichbar?) H. SCHMOLKE. 


jesamte 4 lte-In lustrie, Vol. 38, 
Author “shows it is thermodynamically 
A New Oil Tester. (Ein 

rocino. Petroleum, Vol. 24, May 13, 1931, 
Describes new oil testing equipmen 

ee ts Gesellschaft for measurir 


insulation value. 


June 1931, 


neuer Oelpruefapparat.) F. 


sitschrift fuer 
pages a 56 38. 
impossible 

EF (2.07 


Cr 


pages 4-5. 


Allgemein¢ 
content ar 
EF (2.10) 


t of the 


ig water 


Various Kinds of Oil Testers. (Verschiedene Apparate zur 


praktischen Wertbestimmung von Oelen.) / 


Vol. 24 


etroleum, 


May 13, 1931, pages 6-7. 
Illustrated descriptions of equipment of the J. eee at 
sen Co., Brussels. DF (2.10) 
The Conductivity of Pure Liquids, (Uber die Lettmubtetoett 


von reinen Fliissigkeiten.) A. Nrxurapse. Zeitschrift fuer physi 


kalische Chemie, Section A, Vol. 155, June 1931, pages 59-64. 

The experiments aim at the purification of liquid med 
to the highest possible degree. Hexane was employed be 
cause of its utilize ut on ng investigations on the conductivity 
phenomena in dielectric liquids at high fleld densities and 
yn the phenomena met with at the contact between meta 
and pure dielectric liquids (constant voltage). EF (2.10) 


Determination 


Drop Viscosimeter. 


of the Viscosity 


of Oil In the Tausz 
(Bestimmung der Zachigkeit von Oclen 


Ball 


Petroleun 


im Tauszschen Zugelfallviskosimeter.) F. Gricer. 
Vol. 27, March 18, 1931, pages 209-214. 

Author ringer age It is established by a great number « 
experiments bon the Tausz Ball Drop Viscosimeter that b 
simple multipli ion of the falling times of the ball with 
certain cor ffic oot" data are obtained which closely corr 
spond to the absolute degrees of viscosity as determine 
by the Oswald Viscosimeter. The limitations of this rela 
tionship are set forth. EF (2.10 
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Automatic Current Regulator for Gas X-Ray Tubes 

Combination Sweep Circuit and Periodic Contactor 
for Studying Circuit and Line Transients with the 
Cathode-Ray Oscillograph 

Direct-Coupled Amplifier for Action Currents 

Measuring Average Current in a Jumpy Direct-Cur 
rent Circuit 

Portable High Voltage Generator of Practical Utility 

Copper-Oxide Rectifier as a Laboratory Instrument 

Use of the Thyratron for Temperature Control 

Suitability of Materials for Photoelastic Investi 
tions 


ga 

Determination of Voltage Wave Forms with the Ro- 
tary Voltmeter 

Electrical Instrument for Detecting Invisible Flaws 
in Nonmagnetic Conductors such as Tungsten 
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Portable Cathode-Ray 


@OScin Eda, Ht A EEE 





HE Type 635-A_ Electron Oscillograph is a 
complete ready-to-operate unit in) which all 
auxiliary voltages are derived from the 115-volt, 


60-cycle power mains. It is adapted fc ill kinds 
of oscillography in the laboratory where an inertia 
tree indicating element is the principal essential 
Ihe electron oscillograph has a voltage sensitivit 
of approximately 75 d-c volts per inch for one pair 
of plates and 100 d-c volts per inch on the other 
pair. The screen diameter of 3 inches is adequate 
tor most work. 
Best of all, the price is only $90.00, complete with 
tube. 
Complete details are given in Bulletin EX-}306-N 
Write for your copy today lddress 
GENERAL RApio Co., Cambridge, Mass 


GENERAEH RADEIE@ 
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Smallest self-synchronizing motor 


for remote indications 


Unusually small dimensions, low weight and accurate re- 
sponse to delicate variations, qualifies AUTOSYN for hun- 
dreds of remote indicating applications. Write for data. 


PIONEER INSTRUMENTS 


INSTRUMENT COMPANY INCORPORATED 


* New York: A subsidiary of the Bendix Aviation Corporation 




















BRISTOLS QUALITY 


J 


welcomes most searching analysis 











RISTOL’S Gauges and Ther- most searching investigation and 


mometers are the original re- comparison. Note in particular the 
cording instruments. Pioneered in helical actuating element, direct 
1889, they were the first to provide connected to the pen arm without 
continuous 24 hour chart records of the introduction of complicated 


pressure, vacuum or temperature; multiplying devices; the replaceable 





the first to initiate industry’s con- i on age chromium - plated pen arm; the 
Model 40M. Obtainable 
ver § different ranges 
from perfect vacuum to 


SIMPLICITY ... STURDINESS... 12,000 Ibs. per sq. in. to choose from. Put a BRISTOL’S 
SCIENTIFIC: ACCURACY : 


n 





trol over plant processes. extraordinary wide range of charts 





to the hardest test you can think of. 


1, ae 
In the forty-five years BRISTOL’S Phen compare! 
Recorders have served industry in : : 
ae If you haven’t our literature, please 
countless applications under all . . ; . : 
: ae write for it. Specify kind of instru- 
working conditions, they have had ‘ 





ments and applications in which you 








a splendid opportunity to demon- yy) purse Recording ; 
: * gl egg SS gp are interested. 
strate the value and practical worth pe ntained. Can 
. - . . . be set down anywhere. Four 
of BRISTOL’S characteristic sim- seach chiane 


plicity, sturdiness and scientific ac- i : : P 
“ rhe Bristol Company announces that in 


ac STOL’S _ . _ ; : : 
curacy. BRISTOL’S Recorders pos order to serve the Canadian market still bet- 
sess a sensitivity and precision that ter and to expand and consolidate its pres- 
. : ent Canadian service laboratory of 12 years 
industry has accepted as the stand- Seiad Eee eae ; 

- standing so as to include sales, service and 


ard of accuracy. 


DIRECT CONNECTED MOVEMENT 
{V EXCLUSIVE FEATURE 


manufacturing, a separate company, The 
Bristol Company of Canada, Ltd., has been 
incorporated. Factory and general head- 





quarters will be located at 64 Princess St., 


Record Th ( ter, yp : . . 
sR fr Model 140M 5 speed Poronto, Ont., where Bristol recording, in- 
ab Ss C “Pre > sever: ‘tag dy ae or , ‘ ‘ . 
BRISTOL’ ecorders otfer severa from -60° F "i 1000° F dicating and control instruments will 
- Moisture-proof, fume-prooj, 
exclusive features that welcome your —gust-proof rectangular case be made. 


THE BRISTOL COMPANY WATERBURY mm CONNECTICUT 
Akron, Birmingham, Boston, Chicago, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Francisco 


TRADE MARK 


BRISTOL'S | 





S. PAT. OFF 


PIONEERS IN PROCESS CONTROL SINCE 1889 





